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A)

B)

PHARMACODYNAMICS

ANTICONVULSANT ACTIVITY (studies conducted by . NDA Vol. 1.30).

1.

Tiagabine generally resembled other drugs that enhance GABAergic neurotransmission in
standard anticonvulsant screening tests (Table 1.1, ip administration). it was potent against
sc PTZ-induced clonic seizures in mice (ip ED50: 1.3 mg/kg) but like other GABA uptake
inhibitors (eg, SKF 100330A) exhibited a U-shaped dose-response curve, never reaching
100% protection, aithough tonic seizures were aimost completsly prevented (Figure 1.1). It
showed activity against MES in rats only at neurotoxic doses (ED50: 40 mg/kg, ip).
Tiagabine aiso potently inhibited DMCM-induced clonic seizures in mice (DMCM is a full
inverse agonist at the BDZ receptor), aithough a U-shaped dose-response curve was again
seen, ie, higher doses (30 or 100 mg/kg, ip) failed to block seizures. At the ED5S0 dose for
inhibition of DMCM-induced seizures, 20-30% of the GABA uptake sites were occupied by
tiagabine; at the EDS0 for ataxia, 50-80% of sites were occupied. Pls for tiagabine based on
various indices of anticonvulsant activity and neurotoxicity are compared with those of other
AEDs in Tables 1.3 and 14.

In a study designed to evaluate tolerance development in mice (2 mg/kg, ip, bid for 8 days),
a significant reduction in anticonvuisant effect against iv PTZ was seen after 2 doses, but
recovery appeared*to occur during continued dosing so that after 8 days anticonvuisant
efficacy was similar to that seen acutely. Cross tolerance with BDZs was also observed in
this study. In a study reported only in abstract form, tolerance did not develop to the acute
anticonvuisant effects of tiagabine after administration to mice for 21 days at 15 or 30 mg/kg
bid, po [acute ip ED50s for inhibition of DMCM-induced clonic convuisions were 1.7 (vehicle
control group), 1.9 (15 mg/kg group), and 2.0 mg/kg (30 mg/kg group)]; and there were no
signs of withdrawal after discontinuation of treatment (no changes in PTZ seizure threshoid,
body weight, or general behavioral observations).

Tiagabine potently blocked audiogenic seizures in DBA/2 mice (ED50 = 0.4 mg/kg, ip).
Plasma and brain concentrations in DBA/2 mice at the EDS0 were 141 ng/mi and 46 ng/g,
respectively.

Tiagabine blocked sound-induced seizures in genetically epilepsy prone rats (GEPRs) with
EDS0 values of 11 and 30 mg/kg, ip, for the tonic and clonic seizure components,

res; .
Tiagabine decreased seizure severity and after-discharge duration in amygdala-kindled rats
with an ED50 of 3 mg/kg, ip; a dose of 10 mg/kg ip compietely biocked kindled seizures.
Tiagabine was ineffective against bicuculline-induced seizures, and exacerbated absence-
like spike wave discharges in rat models of non-convuisive epilepsy (WAG/Rij, GAERS).

MECHANISM OF ACTION (studies conducted by Vol. 1.30).

1.

Tiagabine was about 25 times more potent than nipecotic acid in inhibiting the uptake of 3H-
GABA into rat forebrain-derived synaptosomes (IC50 = 67 nM). Tiagabine (R-) was
approximately 4 times more potent than the S+ enantiomer, indicating a stereospecific
interaction at the GABA uptake carrier.

GABA uptake casriers on neurons and glia were both affectad by tiagabine, as demonstrated
in studies using primary cultures of neurons and astroglia in which tiagabine IC50s of 446
and 182 nM, respectively, were determined for inhibition of 3H-GABA uptake (ie, 2.5 times
more potent in inhibiting glial uptake). Tiagabine did not stimulate the release of 3H-GABA
from cerebral cortical neurons in culture.

Tiagabine had no significant affinity (IC50>100 uM) for DA, ACh, adrenoceptors, SHT,
adenosine, histamine (H2 and H3), opiate, glycine, giutamate, or GABA-A receptors, nor did
it interact with DA, NE, S5HT, ACh, or GLU uptake sites. It also lacked affinity for sodium or
caicium channeis. It did have weak affinity for histamine H1 (IC50=8.6 uM) and BDZ
(1IC50=15 uM) receptors (>98-fold higher than IC50 for inhibition of [3H]GABA uptake).

3



|‘

C)

D)

3H-tiagabine appeared to bind to a single class of high affinity binding sites in vitro (Kd=18
nM, Bmax=669 pmol/g), in a sodium-dependent manner.

Tiagabine produced a dose-dependent increase in extracellular levels of GABA in rat brain
as measured by in vivo microdialysis. Doses of 11.5 and 21 mg/kg, ip, significantly elevated
extraceliular GABA levels in the giobus pallidus and ventral pallidus of unanesthetized rats
to approximately 250 and 350% of basal leveis. These doses are equivalent to the ED50 and
EDB8S5 doses of tiagabine, respectively, for inhibiting PTZ-induced tonic seizures in rats.

In electrophysiological studies in rat hippocampal slices, tiagabine increased the duration and
amplitude of responses to exogenously applied GABA, and prolonged GABA-mediated
inhibitory postsynaptic potentials (IPSPs).

in vivo, tiagabine bound (Kd of 72.5 mM and Bmax of 840 pmol/g) to a single class of
binding sites that were regionally distributed in the CNS: hippocampus>occipital
cortex>midbrain>parietal cortex>frontal cortex>cerebellum>pons-medulla>striatum.

GENERAL PHARMACOLOGY

1.

Behavioral pharmacology - Tiagabine was active in the acstic acid-induced writhing
(EDS50=0.18 mg/kg, ip), hot plate (3.7 mg/kg, ip), and grid shock avoidance (1.75 mg/kg, ip)
tests for anaigesic activity in mice, but was inactive in the tail flick test in rats (up to 30 mg/kg
ip). It was active in the Voge! water lick conflict test for anxiolytic activity in rats at 10 mg/kg
ip, and potentiated DA functioning as reflected in its ability to enhance methylphenidate-

. induced gnawing in mice (ED50=0.9 mg/kg, ip). Tiagabine doses up to 30 mg/kg, ip, did not

substitute for d-amphetamine, diazepam, PTZ, or CGS-9898 in drug discrimination testing.
Tiagabine (0.1 mg/kg, iv infusion) was not seif administered by rats.

EEG - Tiagabine doses up to 30 mg/kg, po, did not affect rat EEG recordings and did not
affect the appearance of alpha waves in the EEG from sensory and motor areas of the
neocortex.

Gl - In isolated guinea pig ileum, tiagabine antagonized histamine-induced contractions with
an EC50 of 1.5 ug/ml and antagonized acetyicholine-induced contractions with an EC50 of
20 ug/ml. Concentrations of 3 and 30 ug/mi caused reductions in spontaneous motility.
Doses of 3 and 30 mg/kg, iv, produced a significant D-R increase in gi transit time in mice,
indicating an inhibitory effect on gi motility.

Blood - Concentrations of 1, 10, and 100 uM of tiagabine did not affect prothrombin time or
platelet aggregation in rat-derived blood specimens.

NEUROTOXICITY

1.

Tiagabine reduced exploratory locomotor activity, traction, and rotarod performance in mice
and rats at doses greater than those required for anticonvuisant activity (Table 1.2, ip
administration). The Pl based on the (ip) ED50s for decreased locomotor activity and
inhibition of seizures was 14 in mice for DMCM-induced seizures and 10 in rats for PTZ-
inducad seizures (Table 1.4).

in a test of cognitive function in mice (one-trial avoidance leaming), tiagabine impaired
memory after acuts administration of 3 or 10 mg/kg, ip, or after 10 mg/kg following
pretreatment with 3 mg/kg, ip, twice daily for 3 days. The ratio of cognitive impairment to
anticonvuisant efficacy against DMCM-induced convuisions was 7, and tolerance to cognitive
impairment, but not to anticonvuisant efficacy was observed after subchronic administration.
Mice - Tiagabine decreased locomotor activity and caused pilosrection and hypothermia in
mice at 10 mg/kg, po and ip. Larger doses decreased grip strength and muscie tone,
increased respiration, and caused cyanosis, opisthotonos, tremors, limb abduction, and
clonic convuisions. The estimated LD50 values were 200 mg/kg, po, and 75 mg/kg, ip.
Rats - In rats, doses of 100 and 200, po, produced decreased locomotor activity,
piloerection, dyspnea, slight ataxia, and wet dog shaking.

Dogs - In dogs, tiagabine produced miid sedation and slight ataxia at a dose of 0.5 mg/kg,
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po, and deep sedation, ataxia, decreased muscle tone, tremors, increased respiration,
salivation, ptosis, and mydriasis at a-dose of 2 mg/kg. When tiagabine was administered to
dogs for § days at 0.5 mg/kg, po, adverse behavioral signs (sedation, mydriasis, salivation,
ataxia, disorientation, and vocalization) were observed only on the first 2 days. Administration
of 1 mg/kg for 5 days produced mild sedation, ataxia, tremors, disorientation, and
restiessness for several after dosing on each day of treatment.

E) CARDIOVASCULAR AND RENAL PHARMACOLOGY -

1.

Pentobarbital anesthetized rats (n=4) were treated consecutively with vehicle and 3 tiagabine
doses (0.1, 1, or 10 mg/kg, iv) atintervals of about 15 min, and systemic arterial pressure and
heart rate were measured continuously. BP and HR were unaffectsd following 0.1 and 1
mg/kg. Administration of 10 mg/kg produced an acute and short-lasting (1 min) hypotension
followed by an increase in BP. BP was maximally elevated 2-6 min after administration and
returned to normal after 15 min. The hypertension was associated with a decrease in HR,
suggesting that the BP increase was due to increased peripheral vascular resistance. It was
concluded that tiagabine had litle CV activity in rats at clinically relevant doses. (Table L5)
Isoflurane-anesthetized male beagle dogs (n=1-8 dogs/dose) were evaluated for CV and
pulmonary effects following intraduodenal administration of tiagabine. Doses of 10 and 30
mg/kg produced marked respiratory depression, including complete apnea, which prevented
completion of the studies at these dose. Doses of 0.3 and 3 mg/kg had no effects on HR,
mean aortic pressure, left ventricular end-diastolic pressurs, or maximum left ventricular
dP/dt At0.3 mg/kg, tiagabine produced a statistically significant increase in cardiac output,
due to increased stroke volume, and a small reduction in systemic vascular resistance. Dogs
dosed at 3 mg/kg showed significant (42%) reduction in spontaneous respiratory rate (Fig
1.2). No significant changes in CV parameters were observed in dogs dosed with 3 mg/kg,
possibly due to the respiratory depression. The reduction in spontaneous respiration rate
observed in anesthetized dogs was not seen in unanesthetized dogs (below), suggesting a
possible drug-drug interaction, although behavioral effects interfered with data collection in
the unanesthetized dogs.

In a study in unanesthe’ized dogs, tiagabine was administered at doses of 0.3, 1, and 3
mg/kg, po. Mean blood pressure and limb lead Il ECG did not change at any dose.
Respiration was increased 30 to 120 min after administration of the high dose. HR tended to
decrease 30 to 60 min after administration of 0.3 or 1 mg/kg, but 3 mg/kg had no effect on
HR. Rigidity of limb muscles, clonic seizures, and “disappearance of attention to man"
occurred intermittently in 2 of 4 dogs between 30 and 180 min after each dose of 3 mg/kg.
in another study conducted in unanesthetized dogs, tiagabine was administered to dogs
(2/dose) at doses of 0.25 and 0.5 mg/kg, ig. These doses produced mild to moderats
sedation. Changes in arterial pressure and respirgtory rate could not be dissoSiated from the
behavioral changes. One dog tested at a dose of 5 mg/kg, ig, exhibited pronounced initial
excitation (vocalization, thrashing, salivation, rapid respiration) foliowed by deep sedation.
The behavioral effects in conscious animals preciuded obtaining meaningful CV and
puimonary data.

In a pilot study-in male rats, iagabine displayed diuretic and saluretic activity at a dose of 100
mg/kg, po. When doses of 0.5, 5, or 50 mg/kg, po, were administered to male rats (8/group),
urine volume was significantly increased during the first 4 hr following the HD; mean urine
sodium, chioride, and potassium excretion were increased at all doses during the 8-24 hr
period.

E) DRUG INTERACTION STUDIES

1.

Doses of 0.3 or 3 mg/kg, iv, produced non-significant increases in hexobarbital and ethanol-
induced sleep times in mice. The acuts administration of 3 mg/kg, iv, prolonged hexobarbital-
induced sleep time in mice after subchronic (21 day) treatment with vehicle or valproate, but
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not after iagabine, hydantoin, phenobarbital, clonazepam, carbamazepine, or ethosuximide,
indicating tolerance development with the later drugs. Subchronic treatment with these AEDs
did not change the effect of acute administration of iagabine on ethanol-induced sleep time.
Coadministration of tiagabine (1 or 10 mg/kg, ip) increased the anticonvuisant efficacy of
ethosuximide, valproate, phenobarbital, carbamazepine, and clonazepam against DMCM-
induced seizures in mice. Coadministration of 1 mg/kg, ip, increased the Pl of these
compounds, while 10 mg/kg decreased the ratio. .

There was no significant change in the iv PTZ seizure threshold 2, 4, or 5 days after
termination of subchronic (21 day) administration of tiagabine (15 or 30 mg/kg, po, BID),
suggesting an apparent lack of withdrawal effects. No residual tiagabine was present in brain
tissue on these days.

The acute ED50 of tiagabine against DMCM-induced seizures following subchronic treatment
(21 days) with vehicle was 1 mg/kg, po, and the sedation ratio (Pf) was 10. Following
subchronic administration of tiagabine (5 mg/kg), there was a small decrease in tiagabine
anticonvuisant efficacy (ED50=1.5 mg/kg) without a significant change in the sedation ration
(8.7). Tiagabine (6 mg/kg, po) was able to completely block the DMCM-induced seizures.
Following subchronic administration of hydantoin (25 mg/kg), there was also a decrease in
efficacy of tiagabine (ED50=3 mg/kg) with a decrease in Pl (1.5). Following subchronic
treatment with either phenobarbital (20 mg/kg, po) or carbamazepine (100 mg/kg, po), partial
tolerance to the effects of tiagabine were seen (ED50= 10 and 5§ mg/kg, respectively), and
tiagabine was unabie to completely inhibit seizures. Following ethosuximide (350 mg/kg, po),
vaiproate (350 mg/kg, po), or clonazepam (2.2 mg/kg, po), full tolerance to the anticonvulsant
effect of tiagabine was observed.

in female mice, no overt differences in deaths, convulsions, decreased motor activity,
decreased body temperature, exophthalmus, or motor incoordination/abnormal gait) were
produced by acute administration of tiagabine (1-150 mg/kg, iv) following subchronic
administration of tiagabine and ethosuximide, valproate, clonazepam, hydantoin,
phenobarbital, or carbamazepine. However, after subchronic administration of clonazepam,
tiagabine (10 mg/kg, iv, or greater) increased aggressiveness. After subchronic administration
of phenobarbital, clonazepam, ethosuximide, or tiagabine, acute administration of tiagabine
produced vocaiization upon touch. After subchronic administration of clonazepam, valproate,
carbamazepine, ethosuximide, or tiagabine, administration of tiagabine produced shivering
upon touch. The mice were observed only after the acute dose of tiagabine, so it is not known
whether these findings were the resuit of subchronic administration of the AEDs or only
appeared upon acute chalienge with tiagabine.
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Table 1.2

il

Table L1

Effsctive dose 50% (mg/kg, 1 p. 30 tnin belore testing)

“The effactive dose 50% for rotrod fallure divided by the effective dose 30% for pro-

Maxisnal eleczroshock,
mmm“m

“From Nialsen et al 20).

aguinst mexineal electroghock and pentylenstetrasol-induced convulsions in wice®

Table 1.3 Protective effects of tiagabine HCI end prototypic snticpilepsy drugs
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breaths/minute

Table L5: cambvasauarEﬁeehofmgabuwhAmsﬂloﬁudRats

Hean heart rate
(beats/nin.) as
differences froa

baseline

Mean bleood pressure
(=mEg) as differen-
ces from baseline

Dose Time nean (SD) (n = 4) asan (SD) (n = ¢)
T Thmam DT T ey
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Figure L.2: Effect of Tiagabine on Respiration in Anesthetized Dogs
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ADME

Taken largely from sponsor's summary

A)

B)

C)

PHARMACOKINETICS

Pharmacokinetic, metabolic, and excretion data for tiagabine in mice, rats, and dogs are compared
to those in humans in Table iL.1.

mrwwmmm,mm.&bmmmmma-m Uhkg at §
mg/kg), rats (0.8-2.2 Linkg at 10 mg/kg), and dogs (1.1 kg at 1 mg/kg) but was at least 10 times
siower in humans (0.08 Lh/kg at 0.08 mg/kg). The iv t1/2 values exhibited similar interspecies
differences, averaging 0.8 hr in mice (5 mg/kg) and dogs (1 mg/kg), 0.5-1.8 hr in rats (9.1-10 mg/kg),
but 10 hr in humans (0.08 mg/kg). The volumes of distribution appeared to be similar in rats, dogs,
and humans (1.3-1.6 L/kg) but were slightly greater in mice (~3 Likg).

Tagabinwarqid&abeabadﬁma&ﬁﬁhadaﬂyamaqumsmluﬁonofmhydmd\bﬁde
salt; peak plasma concentrations were seen within 10 min in mice (20 mg/kg), 30 min in rats (940
mg/kg), 1 hr in dogs (1 mg/kg), and 30 min in humans (8 mg). Longer Tmax values of 2-7 hr were
seen in dogs given tiagabine HCI capsules (0.5-10 mg/kg/day). Following oral administration of solid
dosage forms to fasting humans, Tmax values averaged 0.5-2 hr. Absorption of an oral dose
appearadbbenedqunﬁhi‘mhdspedusﬂdied.mbbavallabililyofﬁagabinewasalsohigh
in mice (82% at 20 mg/kg) and humans (80% at 10 mg), but was lower in rats (25-30% at 9-40 mg/kg)
and dogs (50% at 1 mg/kg).

Dose-adjusted Cmax and AUC values from single oral doses were lowest in mice and rats, with
slightly higher values in dogs, and considerably higher values in humans. The half-iife of orally
administered tiagabine was estimated to be 3.3-5.8 hr in mice, 1.6-4.5 hr in rats, and 0.8-2.3 hrin
dogs. Following single or dally oral administration of tiagabine HCI to healthy subjects, mean t1/2
values ranged from 5 to 9 hr, although patients receiving AED polytherapy (ie, induced) displayed
shorter half-fives for tiagabine (2-5 hr). Smali, meal-related, secondary peaks were seen in both dogs
and humans, suggesting enterohepatic recirculation in these species.

PROTEIN BINDING

The in vitro protein binding of [14CJtiagabine was independent of concentration over a range from 0.1
to 10 ug/mi and averaged 89.3% in mouse plasma, 92.6% in rat plasma, 90.8% in rabbit plasma,
91.6% in dog plasma, and 96.2% in human plasma. Thus, the unbound concentrations were
approximately 2-3 imes greater in mouse (10.7% unbound), rat (7.4%), rabbit (8.2%), dnd dog (8.4%)
plasma than in human plasma (3.8%).

DISTRIBUTION

Mice: During the first 2 hr after oral administration of a dose of 1 mg/kg [14CJtiagabine to mice, the
Mthmm.W,Mdemhmmmmhpm
concentrations, giving tissue 1 plasma ratios of approximately 9 in liver, 4 in kidney, and 1 in muscle.
The muscle to plasma ratios continued to average about 1 between 4 and 24 hr, but the hepatic and
renal ratios increased to 16-22 and 5-7, respectively. In contrast to these tissues, concentrations in

-- brain remained constant or increased during the first 2 hr after dosing, with corresponding T/P ratios

of 1 at 0.5 hr and a maximal ratio of 2.9 at 4 hr.

Rats: After a single oral dose of 30 mg/kg [14Cltiagabine to male rats (Long-Evans, non-aibino),
concentrations of radioactivity were maximal in most tissues at 0.5 hr and were highest in tissues of
the gi tract, liver (41.1 ug equivalents/g), pituitary (14.4), thyroid (13.6), kidneys (12.2), adrenal glands
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(5.5), pancreas (4.1), and heart (3.5). At this time, the concentration was 3.9 ug/mi in the plasma and
0.43 ug/g in the brain. At 24 hr the plasma concentration was 0.6 ug equivalents/mi and the highest
tissue concentrations were in the liver (6.7 ug equivalents/g), kidneys (2.7), eyes (0.7), whoie blood
(0.5), and tissues of the gi tract (0.6-34.7). After 48 hr, radioactivity was detected only in the brain
(0.09 ug/g), eyes (0.08), heart (0.08), kidneys (0.1), liver (0.09), lungs (0.07), pigmented and non-
pigmented skin (0.05 and 0.06, respectively), and whole blood (0.05). Radioactivity was not detected
in the plasma at this time. _

lnarepoatdosesﬂdyhmdeandfembcomts(aomgnq.po.for?day:)thehighest
concentration of radioactivity was found at 30 min in the liver (T/P = 9), with decreasing levels in the
kidneys (3.2), lung (1.2), biood (0.78), muscie (0.7), and brain (0.24). The decline in tissue
concentrations generally followed the fall in plasma leveis, although the T/P ratic did show a

to increase with ime. The same distribution profile was seen following the seventh dose, but the
levels in both issues and plasma were higher than the respective values from a single dose. The T/P
ratios, however, did not increase with daily dosing, suggesting that there was no specific accumulation
of radioactivity in any tissue examined. _

Following oral administration of [14C}tiagabine (20 mg/kg) to pregnant CD rats on the seventh day
ofgm.nmmmmmmmmmmmmmmmmg
54% of those in the matemal piasma. in contrast to.tissue distribution in the dams, the highest fetal
tissue concentrations were found in the spleen, with lower levels in the kidneys and liver. After oral
administration of a similar dose to lactating rats, the concentrations of radioactivity in milk were
approximately equal to those in the matemal plasma (84-88%).

Dogs: in dogs given a single dose of 0.1 mg/kg [14C]tiagabine, levels of radicactivity in most tissues
approximated the plasma concentrations; however, organs of elimination had concentrations greatly
exceeding plasma levels, with 0.5 hr T/P ratios of 15 and 14 in the liver and kidneys, respectively.
Brain levels were lower than those in plasma (T/P = 0.4) but the radioactivity appeared to be cleared
from the brain more slowly than from the plasma so that the brain T/P ratio had increased to 1 by 4
hr. Metabolic pattems in brain tissue from pentobarbital anesthetized, bile duct cannulated dogs
showed predominantly unchanged parent drug. Consistent with the high protein binding of tiagabine,
only low levels were found in the cerebrospinal fluid of dogs. A similar observation has been made
in patients with partial epilepsy, where tiagabine concentrations in CSF were 6-8% of those in plasma.
Although levels of radioactivity in the eyes were generally low, the levels in the retina and uvea at 0.5
hr (similar to average plasma level of 0.08 ug eq/ml) and 4 hr (T/P ratio increased to 2.7) were
markedly higher than those in the non-pigmented ocular tissues or ocular fluids (Table .2). Levels
of radioactivity in the pigmented ocular tissue had started to deciine by 24 hr (0.03 ug/g) and had
fallen to 0.01 and 0.002 ug/g by § and 21 days after dosing, respectively. Although tiagabine or its
metabolites exhibited a greater affinity for the pigmenteg than non-pigmented oculartissues, (in the
opinion of the sponsor) it did not demonstrate the marked abiiity to concentrate and persist in the
melanin-containing tissues of the eye reported for some cationic compound such as chloroquine and
phenothiazines.

SpeciesComparisomembphumnﬁosmsinﬁhrfmmostﬁuuesamngﬂ\emm
experimental animal species (Table I1.1), averaging 9-15 in the liver, 0.4-1 in muscle, and 0.2-0.3 in
the testes (rat and dog). The brain/plasma ratio appeared higher in mics (1) than in rats or dogs (0.2-
0.4). Another noticeable difference was that a considerably higher percentage of the [C14]dose was
found in the liver of dogs (35%) than mice (13%) or rats (4%). Similar biood/plasma ratios were found
in rats (0.8) and dogs (0.7) at 0.5 hr- after oral dosing. /n vitro studies -demonstrated that the
distribution of [14C}tiagabine (0.01-10 ug/mi) in human biood aiso favored the extracellular fraction,
with a mean blood/plasma concentration ratio of 0.65, a cell/plasma ratio of 0.15, and a fraction bound
to the blood cells of 0.09. ‘ '
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METABOLISM

ﬂagablnebe:dnnslvelymetaboﬂzed wlmvuylluleunchanqed parent drug eliminated In the urine
or feces of any species studied. The biotransformation has not been compietely elucidated, but the
following pathways have been tentatively identified (Fig IL1):

- thiophene ring oxidation leading to formation of 5-oxo-tiagabine

- acyl glucuronidation of parent and 5-oxo metaboiite
- hydroxylation of the methyl substituent on 5-oxo-tiagabine
mammammmm&m
- formation of dihydroxytiagabine

Thiophene ring oxidation, leading to the formation of the (E) and (Z) isomers of 5-oxo-tiagabine, was
a significant in vivo metaboiic pathway In rats, dogs, and humans but appeared 1o be a minor
in mice. 5-0x0 formation was aiso the major pathway seen Tollowing incubetion of [14C]tiagabine with
rat hepatic microsomes in the presence of an NADPH generating system. The rates of tiagabine
and 5-oxo-tiagabine appearance in male rat iver microsomal incubation mixtures were
2- to 3-fold higher than those seen with female rat microsomes, 4- to 5-fold higher than those seen
with male mouse microsomes, and 6- to 8-fold higher than those found with male dog or male and
female human microsomes. Glucuronidation was a major pathway in dogs, with the acyt glucuronide
being excreted in the bile and probably contributing to the enterohepatic recirculation geen in that
species. Only trace amounts of glucuronide were found in humans; however, meal-related, secondary
peaks seen in humans indicate that glucuronidation could also occur in humans. The rate of
glucuronidation with hepatic microsomes from male dog was 2.5- and 14-fold higher than the
respective rates with male rat and male human liver microsomes. There was some indication that
secondary metabolism of 5-oxo-iagabine could occur. Hydroxymethyl-5-oxo-tiagabine was
identified in dog urine, and chromatographic evidence suggested its presence as a minor metabolite
in mice and possibly humans. Enzymatic hydrolysis studies in dog bile suggested the possible
presence of glucuronide conjugates of the 5-oxo Isomers. Dihydroxytiagabine was isolated from
mouse feces. It was found that this metabolite cosluted with one of the 5-oxo isomers in the HPLC
analysis used for the rat, dog, and human metabolism studies, which means that the peaks previously
identified as one of the 5-ox isomers may have contained some dihydroxytiagabine; however, mass
spectral analyses provided no evidence for its presence. Keto-tiagabine might be anticipated to be
a metabolite, since it can be formed by dehydration of dihydroxytiagabine, but has not been identified.
Tiagabine and/or an oxidized metabolite appeared to be conjugated with glutathione in rats, although
itis unclear whether these metabolites were formed in vivo or ex vivo. These have not been identified
in other species.

When 5-oxo-tiagabine was evaluated as an in vitro inhibjtor of 3H-GABA binding, its fC50 of >3000
nM indicated that it had no appreciable activity as a GABA uptake inhibitor.

mmmmmmwmsmmmmmmmfmm
metabolism of tiagabine belong to the CYP3A subfamily: 1) the disappeamncaofﬁagabﬁnand
formation of 5-ox-tiagabine were significantly correlated with the CYP3A catalyzed erythromycin A

N-demethylase activity in a panel of ten human hepatic microsome samples; 2) the disappearance
of tiagabine and formation of 5-ox-tiagabine were inhibited by the CYP3A selective inhibitors
ketoconazole, foleandomycin, and erythromycin A; and 3) tiagabine was metabolized, although at low
rates, by a purified CYP3A4 fusion protein and by microsomes prepared from human B-
lymphobilastoid celis transfected with CYP3A4 and NADPH-P450 reductase. Although CYP2C9/10
has been implicated in the thiophene ring hydroxylation of tienflic acid and tenoxicam, neither
correlation studies with the tolbutamide methyl hydroxylase activity in the panel of microsome samples
nor sulfaphenazole inhibition studies provided evidence for a significant role of that isoform in the
metabolism of iagabine. Additional studies failed to provide conclusive evidence for the involvement
of other CYP isoforms in tiagabine metabolism, although a minor contribution from CYP1A2, CYP2DS,
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Beaune et al (Proc Natl Acad Sci 84:551-555,1987) have shown that thiophene ring oxidation,
presumably through a sulfoxide intermediates which covalently binds to CYP2C9/10, may be
mmummmwmmmmmwmmm.nmmm '
mawmmw,mmmmmmmqm
simiurbmmmmmmmkm.cmmmmmm
mmmucmmmmmpammummmmm. Resuits
from _ mmmm.mmmmmmmmmimmaem
amcmommmmm,mmwmmmwmummmm
Wbm1mmmmwm.mmmmm+w1ommm
MMWM&MGOO—ZSOM.MMW&WWMm
tiagabine disappearance was >50-fold greater than that for covalent binding. Both Km values, but

Enzyme induction: Administration (ip) of tiagabine to mice and rats at doses of 0.02,0.1,1,0r 10
mg/kg for 3 days had no effect on the cytochrome P450 and cytochrome b5 content of hepatic
enzymes in rats, andhadmhimalemctsonmehepaﬁcpoaﬂibdlondﬂan-emoxycoumam-o-
deethylase activity in mice, or on hepatic microsomal aniline-4-hydroxylase and aminopyrine-N-
demethylase activities in rats. Since hepatoceliular hypertrophy was seen in subchronic studies with
orally administered drug, an additional study was conducted in male and female rats given daily oral
doses of 30 or 200 mg/kg (doses used in rat carcinogenicity study) for 14 days. Increased liver
weights, without concomitant changes in body weight, were seen in both males (40% increase) and
females (24%) at the HD. Although the specific content of total liver microsomal cytochromes P450
was not increased in either sex, the CYP2B-mediated 7-pentoxyresorufin O-dealkylase activity was
increased in HD males (4.5X) and females (1 5§X). For comparison, oral administration of sodium
phenobarbital (50 mg/kg) for 14 days caused similar increases in liver weight (M, 50%; F, 28%), but
also increased microsomal total cytochrome P450 content (M, 123%; F, 86%) and caused

maninmahmieeamm.Asﬁghﬂylmgupemnngemehbdeddmwasemuinuﬁm(z&
30%) of dogs given a 0.1 mg/kg oral or iv dose, while the remaining 68-73% of radiolabel was
eliminated in feces. Similar percentages of urinary (25%) and fecal (63%) excretion were found in

adult male subjects given a single oral dose of [14C]tiagabine (4 mg).
Consistant with the recovery of 70-80% of a parentally administered dose in feces, both rats and dogs

excreted large amounts of radioactivity in bile. Within 24 hr after intraduodenal administration of a 30
or 1 mg/kg dose, rats excreted 72-73% of the label in the bile and 12-16% in the urine. In dogs given
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a 0.1 mg/kg iv or id dose, 51-53% of the dose was secretad in the bile within 6 hr and 16% was
eliminated in the urine. Similar amounts of biliary (65%) and urinary (11%) excretion were obtained
after id administration of a 1 mg/kg dose to bile duct cannulated dogs.

Tiagabine and metabolites: Tiagabine was extensively metabolized, with <1% of the dose excreted
in urine as parent drug in all species studied. The urinary metabolite profiles were qualitatively similar
butquanﬁhﬁvelydiffemntaﬂeromlandivadminisnﬁonof[MC]ﬁagablnetoeadlofmelaboratory
species. The 5-oxo-tiagabine isomers representsd approximately 90% of the urinary radioactivity in
rats (30 mg/kg), 35% in dogs (0.1 mg/kg), and 0% in humans (4 mg), but <10% in mice (1 mg/kg,
po or iv; 100 mg/kg, po). These values corresponded to 8-16% of the 14C dose in rats, 8-9% in dogs,
514% in humans, and <1% in mice. The urinary excretion of 5-oxo-tiagabine did not change with daily
dosing in rats (30 mg/kg for 7 days). Hydroxymethyl-5-oxo-tiagabine was identified in dog
urine and representsd 2-4% of the dose; trace amounts of this metabolite (< 1% of the dose) may also
have been present in mouse and human urine. Urinary excretion of the unidentified U-4 metaboiite
accounted for about 2% of dose in dogs, and it may have been present in mice (1-2%) as well.
Dihydroxytiagabine accounted for about 30% of the urinary radioactivity in mice given a high oral dose
(100 mg/kg), corresponding to 2% of the 14C dose.

Due to technical difficulties with extraction and chromatography, metabolic pattems in rat feces could
not be determined. Although. the majority of radioactivity in mouse feces could not be characterized,
dihydroxytiagabine accounted for about 30% of the fecal radioactivity or 16% of a 100 mg/kg oral
dose. Fecal extraction of the 5-oxo-tiagabine isomers appeared to account for 28% of the dose in
dogs, 8% in humans, and 4% in mice; however, these values could overestimate the contribution of
this metabolite in dogs and humans if significant quantities of dihydroxytiagabine were present in the
feces of those species. Other minor metabolites tentatively identified in feces included glucuronides
of 5-oxo-tiagabine in dogs (<9-13%), and hydroxymethyl-5-oxo-tiagabine in dogs (10-12%) and mice
(5%). Fecal excretion of unchanged tiagabine accounted for about 7-10% of the dose in dogs, but
<1% in humans and mice. Two unidentified metabolites in human feces comprised approximately
40% of the dose but were not detected in plasma samples from subjects given [14CJtiagabine.

in the bile of rats (30 or 1 mg/kg, id), the giutathione conjugates of tiagabine and a dioxidized
metabolite accounted for 20% and 8% of the 14C dose, respectively. Thus, about 30% of an oral dose
appeared to be metabolized via a glutathione pathway in rats. In contrast, the acyl glucuronide of
tiagabine was the major metaboiite in the bile of dogs, representing 21% of a 0.1 mg/kg id dose. Free
tiagabine was found in the bile of both species, representing about 8% of the 14C dose in the rats and
10% in dogs. Small amounts of 5-oxo-tiagabine were also present in bile and accounted for about 5%
of the dose in rats and <7% in dogs. Glucuronide conjugates of the 5-oxo-tiagabine isomers were

- tentatively identified in dog bile, and although they represented only 7% of the dose in anesthetized

dogs, they appeared to be more prevalent in bile obtained from the gall bladder of an Unanesthetized
dog.

in the plasma of rats and dogs given tiagabine orally, the 5-oxo-tiagabine isomers appeared to be
major metabolites but were generally present in lower concentrations than the parent drug. No
circulating metabolites could be detectsd in plasma samples from mice give iagabine orally.
However, a significant portion of the radioactivity in plasma samples from both mice and rats was not
recovered following acetonitrile precipitation of the plasma proteins. Recovery of radioactivity from
dog plasma was good, but a considerable fraction of radioactivity was associated with an
uncharacterized polar peak in that species. In humans given a single oral dose, the parent drug
accounted for 70-80% of the circulating radioactivity between 1 and 16 hr. The 5-oxo-tiagabine
isomers represented about 4-5% of the chromatographed radioactivity, and an uncharacterized polar
peak comprised about 2-5% of the radioactivity. In vitro studies indicated that 5-oxo-tiagabine did not
inhibit GABA binding, suggesting that it would not have appreciable activity as a GABA uptake
inhibitor.
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TOXICOKINETICS

In the oral toxicity studies, plasma concentrations generally increased with dose, and the plasma
concentrations for each species appeared 10 be reasonably consistent across studies (Table IL3). The
mean, steady-stats, AUC,, in induced patients receiving iagabine (10, 14, or 20 mg,
qid) was 38.35 ng-hr/fmi/mg, which comesponds to appraximately 3.1 ug-hr/ml at the highest dose
fgm%amm o.asmmzo :.gWthaﬁemnwmyba
mg, )

subjects displayed a similar dose-adjusted Cmax vaiue of 20 ng/miimg (0.24 ug/mi at 12 mg tid), but
a 2- to 3-fold higher dose-adjusted AUC of approximately 100 ng-hr/mlmg (3.6 ug hr/mi).

Mice: Mean concentrations in the 1-hr plasma sampies from mice in the 3-month and 2-year oral
foodcity studies did not exhibit sex-related differences and increased from about 1 ug/mi at 10 mg/kg
1 7.5 ug/mi at 100 mg/giday and 21.3 ug/mi at 1000 mg/g/day. The increases appeared to be dose-
proportional between 10 and 100, but were less than dose-proportional at the higher doses (250-1000
mg/kg). it is possible that the lack of proportionality in 1-hr concentrations resulted from protracted
absorption at the higher doses, but AUCs were not determined. No consistent changes in 1-hr levels
were seen over the course of the 2-yr carcinogenicity study; however, levels were below or at the
detection limit of 0.01 ug/ml in the LD group at 3 months but were above 1 ug/ml in this group at 12
months. The 1-hr iagabine concentration in mice at the HD in the 2-yr study (~10 ug/m! at 250 mg/kg)
was about 30-40 times the mean steady-state Cmax value found in patients (0.33 ug/ml at 20 mg
quid) or healthy subjects (0.24 ug/ml at 12 mg tid).

Rats: Sex-related differences in plasma levels were seen in the rat oral toxicity studies. The overall
mean AUC values from the 10, 30, 100, and 200 mg/kg dose groups in the 2-yr carcinogenicity study
were up to 2.4 times higher in female (2.0, 16.0, 99.4, and 212.0 ug-h/ml, respectively) than in male
rats (2.9, 8.9, 62.2, and 88.3 ug-h/m, respectively). Greater than dose-proportional increases in levels
were seen, as dose-adjusted AUC values increased from 0.2-0.3 at a dose of 10 mg/kg to about 0.4-1
at 100-200 mg/kg. AUCs tended to increase with duration of dosing, particularly in males. Plasma
levels following oral administration to pregnant rats were quite variable, and increases in the mean
Cmax :0.17, 3,05, 10.8 ug/mi) and AUC (0.94, 12.9, and 81.5 ug-h/mi) were greater than proportional
with dose (4, 20, 100 mg/kg); however, pharmacokinetics did not appear to be altered by pregnancy.
Concentrations in 0.5 hr samples from immature rats were also consistent with those measured in
adults. Compared to the estimated steady-state AUC values of 3.1 ug-h/ml in induced patients and
3.6 ug-Vml in non-induced subjects receiving the maximum doses of tiagabine, mean AUC values
in the 2-yr rat study were similar at 10 mg/kg, about 2.5 to 5-fold greater at 30 mg/kg, 15 to 30-fold
greater at 100 mg/kg, and 25 to 70-fold greater at 200 mg/kg.

Dogs: In dogs given capsules (0.5, 2, and 10 mg/kg) dyring 6- and 12-month oral toxicity studies,
plasma leveis were siightly higher in fsmales than in males at the LD, but overall sex differences were
minimal at these doses. There was some indication that the increase in levels between the LD and
HD was greater than dose-proportional in males. The mean t1/2 aiso appeared to be longer at 10
mg/kg (2-2.3 hr) than at 2 mg/kg (1.3-1.4 hr). Together, these suggest that one or more elimination

in dogs mighit become saturated at higher doses. As in rats, AUCs tended to increase with
duration of dosing. At doses higher than 10 mg/kg, sex differences became more pronounced, with
higher levels in females than in males. Exposure in dogs was lower than the estimated exposures in
patients at doses of 0.5 (<10%), 2 (30-35%), and 5 mg/kg (65-75%), but was approximately 1.5-fold
greater at 10 mg/kg and about 7-fold greater at 40 mg/kg.
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Tablell.1 Summary of the Pharmacokinetic, Metabolism and
Excretion Data for Tiagabine in Animals

Banamater Mo Bat Do Himen
Tiagabine Pharmacokiactics
Shgle IV Deoss
m', [ . 9330 1 008
AUC L0 u’maw 092 096
a oAk 294 MU 11 009
. FOsl
un @) os u:.:-nu 0.7 10.1
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Siagle Oral Dose
Dose (mg/kp) . 2 9.140 | 013
_Tax®) 0.17 M 0505 0.7s (%]
FOS
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F .
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un @®) 1023
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Distribution (at 0.5 h)
Oral Dose (mg/kg) 1 30 0.1
Liver (T/P ratio) 95 90 15.1
Kidasy (T/P ratio) 39 32 44
Muscle (T/P ratio) 1.0 0.7 039
Bain 096 024 039
Blood 0.78 0.66 065
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Summary of the Pharmacokinetic, Metabolism and

Tablell1  prcretion Data for Tiagabine-in Animsls (Cont)
Pacmcter Moo Rat Dx Homan
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Table .2 Levels of Radioactivity in the Ocular Tissues of Dogs after Oral Administration
of 2 0.1 Mg/Kg Dose of Abbott-70569-14C as the Hydrochloride-
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Figure 1.1

Partial Metabolic Pathways for Tiagabine
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Summary of the Plasma Concentrations and

T.bl‘ .3 Pharmacokinetic Parameters for Tiagabine in Mice,
Rats and Dogs from Oral Toxicity Studies
uk Tonax () Conex (ugfnL) AUC(Ggvml)  Dossadf
Spocies mefke Sex MomfRamue)  Mon(Beng) MonfBoed  Vake
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TOXICOLOGY

ACUTE PO AND [V TOXICITY IN MICE AND RATS (conducted by . R&D/B0/293,
80/291, 90/204, 90/292, Vol. 1.33)

Mice: When NMRI mice (6/sex/group) received oral (gavage) doses of O (vehicle= water), 4, 20, 100,
500, 1000 or 2000 mg/kg tiagabine, T-R signs were observed within 30 min of dosing at doses of 20
mg/kg or more. These inciuded decreased activity, ataxia (abduced hindimbs and unsteady gait),
nystagmus, mydriasis, decreased rectal tsmperature, increased paw temperature, and an absent pain
reaction. At 2 hr, clinical signs were noted in mice treated with 100 mg/kg or more, and included
rayocionic convuisions, head drop, decreased activity, ataxda, tremor upon handiing, ptosis, and
decreased respiration. Most of these signs were seen until § hr after dosing over this dose range
( was seen in §/10 animals at 500 mg/kg). Three males and 3 females died within the first
2 hr after dosing with 2000 mg/kg. The remaining HD animais and all mice in the 1000 mg/kg group
died prior to the end of the 14-day observation period. Necropsy of animais that died revealed no
abnormalities. The oral LD50 in mice was between 500 and 1000 mg/kg.

When NMRI mice (5/sex/group) received iv doses of 0 (vehicle= saline), 1, 10, 40, or 160 mg/kg
tiagabine, 7 of 10 HD animals died within 2 hr of dosing. No other animals died during the remaining
14-day observation period. Administration of 10 mg/kg or more produced convuisions, myocionus,
decreased motor activity, decreased respiration, ptosis, ataxia, hematuria, cyanosis of the tail, and
decreased rectal temperature were also noted. Granulomatous hepatitis and a non-specific focal
interstitial nephritis found in 1 HD mouse at necropsy were not considered T-R by the sponsor. The
iv LD50 was between 40 and 160 mg/kg.

Rats: Wistar rats (5/sex/group) were given oral (gavage) doses of 0 (water), 18, 80, 400, or 2000
mg/kg. Thirty min after dosing, rats given 80 mg/kg tiagabine po or higher exhibited decreased activity
and ataxia. Myocionus was noted at 400 and 2000 mg/kg. These motor disturbances were somewhat
more pronounced in females than in males. Bleeding from the nose and reles were also reported at
the two highest doses. One female died 1 hr after receiving 2000 mg/kg, and a male from this group
was found dead on day 12, but there were no other deaths. BW gain was significantly reduced in
males receiving the HD during the first week after treatment, while females receiving the two highest
doses had significantly reduced BW gain during this period. No T-R changes were observed at
necropsy. The oral LD50 in rats was greater than 2000 mg/kg.

Wistar rats (5/sex/group) were given iv doses of 0 (saline), 1, 10, 50, or 75 mg/kg. Rats dosed with
10 mg/kg tiagabine or greater exhibited decreased activity, ataxia, and hematuria at 0-30 min post
dosing. Rats receiving 50 or 75 mg/kg (HD) showed cyanosis of the tall vein and an increased rate
ofmspimﬂon.Apmmuy1nofmemuhmese3wohlghoudmgmupshm'myodonh
movements.” One rat dosed with the HD died 2 hr after dosing, but there were no other deaths. There
were no significant effects on BW or BW gain. Necropsies revealed only chronic obstructive phlebitis
in the tail veins of rats administered tiagabine. The hematuria was thought to have been due to
irritative and/or hemolytic properties of the drug given iv at high doses. The iv LD50 in rats was
greater than 75 mg/kg.

Table 1IL1: Acute Toxicity Summary
Species Route Compound Vehicle LDsp (mg/kg)

NMRIMice  po  TiagabineHCl  waer 500 <LDsp< 1000
NMRI Mice iv Tiagabine HCl  saline  40<LDgy< 160

Wistar Rats po  TiagabineHCl  water > 2000
~ WistarRats iv Tiagabine HCI saline >75
po = dosed onally

iv = dosed intravenously 20

it i it



B)

3-MONTH ORAL TOXICITY IN MICE (R&D/M1/832, conducted by , Vol. 1.34)

1.

Treatment

CD-1 nﬂca(wlle)dgmup)mgwmﬂﬂddddeO(vehldetoz%hydmxypmpyi
MMM).SOAOD.ZSO.«MMDyuﬂmSRngmmu
mmmmummmmmmwmm
ueoonvnvoonoayzomummwmmmmooommnaym
because of a lack of adverse effects at the lower doses.

Drug lot#: 45-080-AL

One mouse in each of the groups treated with 0, 50, or 250 mg/kg and 7, 12, and 17 mice
or1000mgllq.mspoeﬁvdy.dbdormwmanuaddmhgme

Decreesed activily was observed in all drug-treated mice during the first 3 days of reatment
Overmecoumeofmesty.aD-Rhmhmhddmofdmasedacﬁvityand
labored breathing was noted in mice receiving 400, 600, and 1000 mg/kg.

Body Weight and Food Consumption

sbnmmmawmmommmmummumzsomgmgam
in males and females treated with 400 mg/kg. Reductions in food consumption relative to
mmmmmmmmmmmm(mwmmm(mmsam
females).

Plasma Drug Levels

Bbodsampleswereeolbctadfromsabllitemiceappro)dmately1 hr after dosing on days 1
and87andplasmaconcen&aﬁonswuedehnninedbyHPLC(seehblebebw). Duetoa
number of deaths some main study group animals were used on day 87 to obtain
J/sex/group.

TabhlﬂJ:PhsmThgabimConcenﬁaﬁominMigeduMga&MonﬁOmldedtySMdy

Day 0, Plasma Concentration Day 87, Plasma Concentration

Dosage . (ng/ml) (ng/mD) '
(mg/kg/day) Males Females Males Females
50 6453 £ 371 4347 £ 2223 ND* ND
100 9741 £3056 6301 £ 1678 ND ND
250 °  11269£3803 10308 £ 1017 9019£ 1727 10671 £ 6547
400 16149£S607 9418 ¢ 1523 8801 £1774 9653 £2258
600 ND ND 175785169 16069 £ 1188
1000 ND ND 20005 £ 3076 22558 £ 2789

¢ ND = Not determined
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Hematology (all survivors at termination)
No D-R hematologic changes were observed.
Clinical Chemistry (all survivors at termination)

lﬁmmmmmmmhmmwzsoum
m.wmmmmudhmwmmmwaoom.

w(ammmmmmmmm)

Mimhmmmmmmmmﬂwdhdw

Histooathology (specified tssues (very imited) examined for all C and 100/1000 mg/kg mice;
all gross lesions examined; kidney, liver, and adrenal cortax examined for all animals)

a) Liver - Hepatoceliular hypertrophy was increased in a dose-related manner.
Generalized hepatocyts cytoplasmic vacuolization was observed in 5 males and 2
females treated with 100/1000 mg/kg and in 1 male in each group treated with 250
or 400 mg/kg.

b) Adrenal cortex - Female mice treated with 400 or 100/1000 mg/kg had an increased
incidence of brown degeneration of the adrenal cortex.

MID

Based on the results of this study, the sponsor considered 250 mg/kg the oral MTD in mice.

13 WEEK ORAL TOXICITY IN RATS (R&D/80/297, conducted by

. Vol. 1.45)
Treatment

Fifteen CD rats/sex/group were dosed with 0 (distilled water), 25, 100, or 400 mg/kg orally -

{gavage) for 13 weeks.

" Drug batch # K88/7

Clinical Siang . -

Decreased aciivily and lethargy were observed in HD animais, and salivation was increased
in MD and HD animals. Other signs seen primarily in moribund HD and MD animals included
firm and distended or swollen abdomen, rales, gasping, inanition, hunched posture,
piloerection, palior, loose feces, and perianal staining.

Mortality

One male and 1 female from the MD group died during treatment (Days 39 and 6,
respectively). Another MD female was sacrificed moribund on Day 87. Five males and 5
females from the HD group were euthanized in moribund condition between Days 5 and 91.
Six HD femaies were found dead on Days 3-91. All deaths were attributed to treatment.



10.

Food consumption and BW gain were decreased during Week 1 in HD rats, but subsequent
vaiues were comparable 10 C. A D-R increase in water consumption was seen in treated rats.

Neurological Exams (all animals in C and HD groups after 8 and 12 weeks)

Neumbgiedmmaledadbhﬁyhhh«hddumddmusbndﬂnpuphy
reflex in the right eye and consensual light reflex in the left eye of treated (HD) rats (1 CM vs
3 HDM, 1 CF vs 2 HDF at 6 and 12 wis; same rats affected at each test). Since the effect
was aiso seen in controls it was not considered T-R by the sponsor, but attributed to trauma
resuling from blood coliection from the retro-orbital sinus for hematology at 6 and 12 weeks
(trauma in the right eye affecting detsction of the light stimull may have resulted not only in
depression of the pupillary reflex in that eye but aiso depression of the consensual reflex in
the-left"), and the higher incidence in treated animals was considered coincidental. No
corresponding structural changes were detectad by ophthaimoscopic or histopathologic
exams. it is not ciear when in relation to dosing the neurological exams were conducted.

Qohthaimoscopic Exam (all animals in C and HD groups after 12 weeks)
Ophthaimoscopy revealed no changes related to treatment.

ﬂmp&gy_ﬂWsexﬁbmeawgmpaﬂareandﬂm;bbodmmeu
puncture prior to dosing)

Decreased values for packed cell volumes, HGB, and RBCs were seen in HD females after
6 and 12 weeks. Two HD males had increased prothrombin times. All male and 2 female rats
in the HD group that were euthanized in moribund condition had low total leucocyte and
lymphocyte counts. Reduced packed cell volume and HGB concentration were noted for 1
HD male and 1 HD female that were sacrificed prematurely. Erythrocyte counts were lower
in the same female and an additional HD male. Other findings in HD rats that were
euthanized moribund included elevated packed cell volumes in 2 males and 2 females, high
HGB in the same 2 males, high erythrocyte values in 1 female, and slightly high reticulocyte
counts in 1 male and 1 female. :

Clinical chemistry (10/sex from each group at 6 and 12 weeks) |

Elevated alkaline phosphatase activities, urea, cholesterol, and total protein and albumin
concentrations and decreased glucose (males) were seen at 6 and/or 12 weeks primarily in
HD group rats (occasionally in MD). Elevated "alanine aminotransferase and aspartate
aminotransferase activiies along with elevated urea levels were seen in the majority of
mmmmmmmmAmummmmm
alkaline phosphatase, creatinine, cholesterol, and total protein.

Urinalvsis (10/sex from each group at 5 and 11 weeks)

Significantly higher urine volumes and a dark coloration were seen at 5 and 11 weeks in HD
rats. Three MD males also showed dark colored urine after 11 weeks.

Gross Pathology (all groups) .
Gaseous distention of the gi tract was observed primarily in HD animals, but was also seen

in a few MD rats. This was accompanied by nonspecific staining of the face and perineum.
Most of the animals with these changes had died or been sacrificed in moribund condition.
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1.

Qrgan Weights (all groups)

|ma¢m@dwww.w.mwwummhuomum
relative liver weights were aiso siightly higher at the MD.

Microscopic Pathology (all specified tissues examined from 10/sex in C and HD, and from
all rats that died or were sacrificed; livers examined in LD and MD; brain sactioned to include
cerebelium, cersbral cortex, and medulia) ‘

a) Liver - D-R periacinar hepatocyte hypertrophy was observed in all treated rats.
Hepatocyls necrosis and hepatocylic eosinophilia were also seen in HD animals that
.died or were sacrificed 2

b) Lung - Pulmonary congestion, hemomrhage, alveolar flooding, and alveolar
macrophage aggregates were found in HD animalis that died or were sacrificed
during the study.

c) Gl tract - Gastric lesions associated with uiceration were found in some HD males.

d) Lymphoid tissue - Lymphocytolysis in the mandibular lymph node and thymus and
lymphocyte deficit in the thymus, spleen, and popiiteal lymph node were seen in
mmuwmmmmmmmmmbmmmps.

jons (blood samples collected from all rats 1 hr after dosing at 2 wks)
Mean levels were 527, 1308, and 3236 ng/mi! in LD, MD, and HD males, respectively, and

823, 5444, and 11801 ng/ml in corresponding females; leveis were highly variable, however
(CV up to 120%).

D) SIX MONTH ORAL TOXICITY IN RATS (R&D/80/313, Abbott Study No. TA88-324, conducted by

GLP, Vol. 1.47).
Treatment

CD rats (20/sex/group) were dosed with O (distilled water), 10, 30, or 100 mg/kg orally
(gavage) for 6 months. An additional S/sex were added to the C and HD groups for evaluation
of recovery. Dose selection was based on the results of the 3-month rat study (above), where
death, hypoactivity, decreased BW gain, increased liver, kidney, and thyrold weights, and
hepatic hypertrophy occurred at 400 mg/kg; marginally elevated relative liver weight, hepatic
hypeﬁophy.anddaﬂumsmat100mgﬂ<g;andmeﬁecbmwﬂen£at25mgkg.

Drug lot #: 109-842-AX °

Clinical Signs
There were no T-R clinical signs.

Mortality
Mortality rates were not clearly affected by treatment. The numbers of rats that either died
or were euthanized in moribund condition during the study were as follows:

Dose (mg/kg) 0 10 30 100

Male
Female

© =2
o
-l
-l
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AT SO RS TR SRR

Thmmmslgnmeummmawm«foodmmpﬁm among groups.
Qphthaimological Exams (prior to treatment, after 8 mo and 1 mo recovery)

Higher incidences of conjunctiviis (2 MDM, 1 MDF, 1 H , focal retinopathy (1 3 MDM,
5HDM1HDﬂ.wmdng(1mﬂthMDm&Dcx'bms
mmmmmWMthnhmmMT-Rbyh
mmmmmmhmmmmm1m

Hematology (clinical pathology: 10/sex/group after 3 mo, all rats at 8 mo and 1 mo recovery)

WBC values were significantly increased in HD males. There were no T-R effects on total
and differential leucocyts counts, erythrocyte morphology, or bone marrow differential counts.

Giinical chemistry

SGOT and SGPT values were somewhat decreased (up to 40%) in MD and HD rats at 3 and
6 months and after 1 month recovery. Serum K+ was decreased (4.3 vs 4.6
mEqILlnC)inHDmlesltamonﬁu.MdCaﬂmhuuuthDmlesata(wAvs
10 mEg/L) and 6 months (9.9 vs 0.7). Trigiycerides, total protein, and albumin were increased
hHDmhsatsmsnmun.nglycuﬁamlmdelmtedaﬁermmryin HD males.

Urinalysis
No T-R effects observed.

Gross Pathology (gross exams on rats that died during the study; gross exam and organ wts
on all rats at scheduled sacrifice)

Gaseous distension of the jejunum, cecum, and/or rectum was found in 1 HD female that
died on Day 187 (aiso had tarry stomach contents) and 1 HD female that was euthanized at
the end of treatment. Enlargedﬁveranddarkrudnwﬂedlungmobsemdlnmemajoﬁty
of MD and HD rats that died during the study. Edema in the lung and/or thoracic cavity filled
withmdﬁuidmnotedinsomeofmeeolmolandwmmatdiedduﬁngmesmdy.All

unscheduled deaths except the HDF with gastric distension were attributed to dosing
accidents.

Qrgan Weights

Statistically significant increases in absolute and/or relative liver weights were seen at the
HD. This effect was not seen in the recovery group.

Microscopic Pathology (histopathology exams on all C and HD rats and on LD and MD rats
found dead or moribund)

a) Liver - Minimal centrilobular hypertrophy was found in 3 HD females.
Mmmdmuhhmym.ﬁemwasasmaﬂinmseinhepaﬁc
congestion in HD males (3/20) compared to C (1/21).

b) Brain - 1 HD male that died after 3 wks of treatment had moderate
vacuoiization of the whits matter of the brain and spinal cord. This was considered
artifactual by the sponsor.

c) Eye - Retinal dystrophy was found in 1 HD male. Periorbital hemorrhage noted
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sﬁnﬂarnmnbeuofeonuuandumdmnahmmﬁutedbbbodwnpmg.
d) W;Wm.w(wmmw%@mﬂo
males compared 0 . Incidences were similar recovery HD
MCLMMmdm“mmhﬂomm&bm:
sacrifice (8/20 HD vs 68721 C) and after recovery (6/5 vs 2/4 in C).
o) WMmthﬁmammanHDandc

i} mmaumm(slzowoc)m»mmmmzd
wzmmwuiumadhw(ﬂo)mnmmmdiﬂuumm
recovery groups.

E) 14-WEEK ORAL TOXICITY IN DOGS (R&DB0/20¢
Vol. 1.81) :

1.

JTreatment

Fangmupsofbeagbdogs(ﬂwdgmnp)mghmdﬂyaal(eapsub)dosesofo.s. 10,
or20/15WMfoereelc(HDraducodaM?daysduatosmbssofappeﬁb).lna
nehﬁwy&-mkmo—ﬁdhgsﬂdy.bmhﬂhaﬂgmp)mednddo«soﬂwm.zo.
and 30 mghg. D-R signs occurred at all doses and included salivation, tremor.
incoordination, i

apparent
zommnmbgemerwimBWbuanddmedfoodeonwmpﬁon. Bradycardia was
evident at all doses 2 hr after dosing and persistad for up to 24 hr at the HD. Increased
packed cell volume, HGBconcenMauandRBCemmhseenatmmgmgwereamibuted
to dehydration. Elevated cholesterol was also seen at this dose.

Drug batch # K88/7

Clinical Signs (animals observed daily for signs of toxicity and systemic effects)

a) Prostration, tremors, ataxia, and apparent visual impairment (lack of awareness of
objects, failure to fix on and follow a moving object or absence of blink reaction) were
observed in all treatment groups (D-R). The most notable sign was marked sedation
which was seen in all treated groups from the first day. The onset of these signs was
rapid, generally within 30 min, and a maximal effect consisting of aimost complete
unconsciousness was said to be quickly reached. Dogs in this state were said to be
fotally unresponsive. This state progressed to a state of stupor in which animals had
open eyes, could be roused by sound or tactile stimulus but appearedunaware and
were unable to stand or walk. This was followed by a state resembling sieep. A state

with the state of sleep. The apparent visual Impahnentwasnotassoeiatedwiﬂaany
mmsabnomamyandwaconddemdbbeofcenworigin.
b) Emesis and salivation were also seen in MD and HD animals.
c) Convuisions were seen on one occasion each in 1 HD male and in 1 MD female.
d) Episodes of anxiety and vocalization were observed in 1 HD and 1 MD male and in
* 2 MD females.

Mortality
There were no T-R deaths
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1.

12

sight (BWs recorded pretest and twice weekly during the
tmatImMpeﬂod. foodeonsumpﬁonmmumdpmstandwaoldydunngtreahnent)

a) Loss of appetits was evident in 1 male and all fsmales in the HD group during the
first week. This improved foliowing dose reduction to 15 mg/kg. Decreased food
consumption was aiso seen in some MD females and in 1 MD male. There was no
effect on watsr consumption.

b) Dwemdawwwuumhunmﬂomparﬂwhﬂyhfemales during'
the first 2 weeks of treatment; but at the end of the treatment period, the overall BW
mammmwmsbmam

pmunmmwmmsm 12wulcof&aahnem;
ophthaimoscopy conducted pretest and after 12 weeks.

a) Excessive salivation and thin appearance were noted in 1 MD and 1 HD female.
b) Slight exaggeration of the gag reflex was seen in a number of treated animals.
c) There were no ophthaimologic changes ascribed to treatment.

Blood Pressyre and ECG (all dogs pre-dosing and during weeks 6 and 12)

There were no significant treatment-related changes.

ok 3 Marrc (dmicalpaﬂ\ologyevaluaﬁonsperfonnedpretestandaftere
and12waelcofmatmentforallanimals)

a) Platelet counts were significantly increased in HD males at 12 weeks. This was
attributed to low control values.

b) Activated partial thromboplastin times were decreased in some treatment groups but
the effect was not D-R.

c) There was no evidence of any T-R effect on bone marrow.

Clinical Chemistry (wks 6 and 12)

There were no changes attributed to treatment.

Urinalysis (wks 6 and 12)

No treatment-related changes. =

W(ﬂldogsexaminedforgmabmﬁﬁu organs weighed, and tissues
collected for histopathological examination)

No TR changes were noted.

Organ Weights

Absolute and relative adrenal weights were slightly decreased in HD males.
Histopathology (specified tissues from each dog examined microscopically; brain sectioned
to allow examination of cerabelium, cerebral cortex, medulla, midbrain, and thalamic nuclei
and spinal cord prepared in transverse section at the cervical, thoracic, and lumbar levels)

No TR changes were noted.

27



13.

Plasma concentrations

Blood samples were taken at 0.5, 1, 3, 5 and 7 hr after dosing on study Day 1 and during
Weeks 12. Values were highly variabie within groups, but generally showed an increase
(about 2-foid) between Day 1 to Wk 12 and higher levels in females at the HD (2-fold). The
mmmmmmmubamm.mmmmmasmm,
Mmmmmhawnwmdﬁunm(unmmd)mhbhmnablmywimdany
dosing. Mean plasma AUCs £ SD at week 12 were 2527 & 1155, 6077 £ 2552, and 5483 +
1968 ng-hr/ml for males and 2547 + 403, 6478 £ 1310, and 10904 + 3201 ng-hr/ml for
females at the LD, MD, and HD, respectively.

WONTHORALTO)GCHYINDOGS(RWO.MMN&W.&MMW

1.

completed 1/2/81, GLP, Vol. 1.62). .
Treatment

mmmm(m)bmbmmep)atdosagesow. 0.5,
2, or 10 mg/kg/day for 6 months. Additional 1-month recovery animals (2/sex/group) were
included in the C and HD groups. Dose selection was based on the results of the 14-week
dog study (above).

Drug iot#. 109-842-AX _

Clinical Signs (observed twice daily)

T-R observations in HD animals included imegular gait, recumbency, lethargy, tremors,
hyperactivity, spontaneous vocalization, visual impairment, salivation, changes in respiration,
and lack of awareness/responsiveness. These signs were observed within 0.5-1 hr after
dosing; animals recovered between doses. Signs were most frequent and severe during the

first 4 weeks of treatment, but continued throughout. Irregular gait, salivation, tremors, and
increased respiration were also seen in a few MD dogs during the first month of treatment.

Mortality
All study animals survived until termination.

g Consumption (pretest, once weekly for Weeks 1-13, ﬂl&n monthly)

HD males and females lost weight during the first 2 weeks of treatment, but BW gain was

comparabie to C thereafter. Food consumption was aiso decreased in the HD group during
the first week.

No treatment-related ophthalmoscopic abnormalities were detected.
mm(ﬁanmmmdy.maamemnmmm1me

No clearly T-R changes in hematologic values (including total and differential leucocyte
counts and erythrocyte morphology) were observed dufing treatment or after recovery. One
HD male (4001) had slightly decreased erythrocyte parameters and increased WBCs, and
WBCs were significantly increased in HD females after 6 months (+35% compared to C).
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1.

Clinical Chemistry

Smmmmmmmwhﬂomma(M)memm(ss%) but
not after recovery. SGOT and SGPT were increased in MD and HD females at 3 (30-40%)
and 6 months (25-55%).

Urinalvsis
No T-R effects were observed at 3 or 8 months.

Qmmmm:

Atmesmonﬂluulﬁeo. increases in adrenal (u%).m(a%).mmua%)mm
and decreases in prostate (30%) weight were observed in HD maies; decreases in ovary
(42%) and spleen (18%) weights were seen in HD females. however. There were no obvious
differences in organ weights between C and HD recovery groups.

Pathology (gross and microscopic exams performed on all animals)
There were no obviously T-R findings after 6 months of treatment.

a) Brain - Focal gliosis was seen in 1/4 CM, 2/4 MDM, and 1/4 HDF at terminal
sacrifice, and in 1/2 HDM recovery dogs; but no other brain histopathology was
reported.

b) Kidney - Papillary mineral deposition appeared somewhat increased in treated
animals, but was not D-R. Incidences were 1/4, 3/4, 3/4, and 1/4 in C, LD, MD, and
HD males, respectively, and 2/4, 2/4, 4/4, and 3/4 in corresponding females. There
were no differences between recovery groups.

c) Lymphatio- Congestion of mediastinal lymph nodes was seen only in treated dogs,
but there was no D-R: 2/4 HD males, 3/4 LDF, 1/4 MDF, 1/4 HDF.

d) Reproductive organs - Prostatitis was seen in 172 HD recovery males. Sperm
granuloma was found ir: the testis of 1/4 MD main study males and in the epididymis
of 1/2 HD recovery males.

(blood collected from all animals on Day 180 at 0, 0.5, 1, 2, 4, 6, and
8 hr after dosing)

Tiagabine was fairly rapidly absorbed in most dogs; the Tmax ranged from 0.75 to 2.2 hr.
Absorption was delayed in some subjects, howevsr, with the Tmax as late as § hr.- Delayed
absorption has also been observed in some human subjects. Cmax and AUC values were
dose-related and tended to be slightly higher in females than males (Table lIL.3). There was
a statistically significant difference between dose-adjusted AUC values at 0.5 and 10 mg/kg
in male dogs and a significantly lower elimination rate constant at the HD in both sexes,
indicating that elimination pathways may become saturated with increasing doses. Mean t172
was 1.3 and 1.4 hr at the MD and 2.3 and 2 hr at the HD for maies and females, respectively.
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1.

T Caix  AdjCnx AUChs  AGjAUCHS - 112

Dose
g salvkg  Sex . . pgfml pg/ml peeb/mb  ueshiml  h
0.5 Male 1.3£15 0.09940.012 0.198£0.025 .0.22240.060 044440.121 od

Femule 1.9:1.5 0.14120.060 0.28310.121 0.363:0.074 0.72710.147 nd

2.0 Male 0.75£0.29 ml“ 0.290:0.093 1374028 0.68720.142 1.3

Female 1.040.0 .0.632£0.116 031640058 1.5420.38 0.770£0.191 1.4

10 ‘Male 22815 2.95:1.01 0:295*0.101 9.891346 098910346 2.3

Female 1.640.7  3.9431.84  0.3940.184 110433 1.10£0.33 2.0

All values are means + standard devistions. nd = not determined.
Doses equivalent to 04S, 1.8 and 9 mg base/kg. Dose adjusted values based on salt.

G) 12-MONTH ORAL TOXICITY IN DOGS (R&D/93/425, Abbott Study No. TB81-467, conducted by

.GLP; Vol. 1.64).
Treatment

Tiagabine was administered po (capsules) to beagle dogs (5/sex/group) at dosages of 0, 0.5,
2, or 10 mg/kg/day for 12 months. Dose selection was based on the results of the 14-week
and 6-month dog studies (above). Capsule drug content was below the acceptable range (92-
107%) at two dose levels on one of the two analysis dates: at least 2 LD and 1 HD capsule
contained only 88% of the nominal content.

Drug lot#: 62-210-AL
Clinical Signs (observed twice daily, weekly physical exams)

Treatment-related signs of CNS depression including frequent and severe ataxia and
pmshﬁon(hsﬁngman4md24hnmoburwdthmughoutmesmwinﬂbmales
and females. Males were more often affected than females. Thesa findings were also seen
occasionally in MD dogs. Occasional hypoactivity,"tremors, emesis, and salivation were also
observed primarily in the MD and HD groups. Urination and defecation were decreased in HD
males and femaies during the first month of dosing. Ocular discharge was frequently noted
in treated animais.

Mortality
All study animals survived until termination.

2N R

mption (BW recorded weekly; food consumption recorded daily)
BW gain and food consumption were dose-dependently decreased in males and females

during the first 2-3 weeks of treatment (75% at HD during 1-2 wks) but were com
among groups (highly variable) thereafter. There were no significant group differences in final
BWs.
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jon (pretest and during wks 12, 25, 38, and 51)

Apparent D-R increases in the incidence of cataracts (described as small fine
occurring on the anterior suture lines with normal lenticular tissues overiayed) were found
during wks 25 and 38, but at the final ophthalmoscopic exam (wk 51), the incidence and
severity of these opacities was similar across groups (Table lL4).

A 2nd (sponsor’s) consultant ophthaimologist examined the same dogs after 40 weeks of
treatment and the resuits again indicated a dose-related occurrence of cataracts or opacities
(Table BLS). He concluded that, since similar opacities were seen in untreated dogs and have
been seen in other recent studies at this faciiity with beagles from the same suppiier, the
abnormality is probably not a direct toxic drug effect but may be a condition that is
exacerbatad by treatment with tiagabine. The opacities were said to be very small, and none
of the affected animals was expected to have measurabie visual loss.

Table 111.4: Incidence of Cataracts in Dogs Treated with Tiagabine during 1-Year Toxicity Study

(sponsor’s initial examination)

Sex

Group
(mg/kg)

No.

Male

Female

0.5

20

10

0.5

20

10

-1 weeks

12 weeks

25 weeks

38 weeks

51 weeks

P O S G RN
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Table lI.5: incidence of Cataracts in Dogs after 40 Weeks of Treatment with Tiagabine

(2nd consuitant's examination) -
Dose male female total
Contol |1 2 3
Lowdose |1 2 3
Mid dose |3 2 5
| Highdose |4 3 7

Electrocardiogram (pretest and during wks 14, 25, 38, and 51)
No T-R changes were observed.
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13.

Hematology (pretest and during wks 12, 24 or 25, 38, and 51)

Erythroid parameters tended to be slightly reduced in MD and HD males and females
compared to C. WBC counts were increased in MD and HD females at some measurement
times (up to 40% compared to C). Ecsinophils (% and count) appeared to be increased in

. treated males compared to C. Mean bone marrow erythroid counts were decreased and

myeiloid counts increased in HD males. The myeloid to erythroid ratios were 1.01, 1.01, 1.03,

and 1.11 in C, LD, MD, and HD males, respectively; the corresponding ratios in femaies were
0.97, 1.05, 1.08, and 1.03.

Clinical Chemistry (same as hematology)

Mdm‘phosphausemhamedhmumammm(upb
130%Wb0).6hmmsighﬂyhmuedltﬁmhmbdmahs(15and 1%
in MD and HD males, respectively, at 51 weeks). None of the changes were considered
biologically significant by the sponsor.

Uringlvsis (same as hematology)
No T-R effects were ob;emd.

Qrgan Weights (brain, liver, kidneys, gonads, adrenals, thyroid/parathyroid, thymus, heart,
spleen, prostate, uterus, and pituitary weighed for all dogs)

Ovarian weights were dose-dependently decreased in females (50% at HD), and uterine and
thymic weights were decreased in HD females (60 and 30%, respectively).

Macroscopic Examinations (gross exams were performed on all animals)
No T-R findings.

Microscopic Examinations (microscopic exams were performed on all animals)

A variety of findings occurred more often in treated animals, but in most cases the effects
were not clearly D-R. The incidence of lymphocyte infiitration of the prostate was higher in
HD males. Changes in the tongue (nonsuppurative inflammation) and lungs (granulomatous
or suppurative inflammation) were found more frequently in treatment groups. Capsular
fibrosis of the spleen was increased in MD and HD females. Thyroid C-cell hyperplasia and
Iymphocyteinﬂhﬁmminmsadinmgtedanmmedneendbmemalcysﬁc
hyperplasia was seen only in treated females and endometrial hyperplasia only in HD
females. (See Table HiL8).

Plasma Drug Levels (blood samples drawn on days 0, 30, 182, and 364 at0, 1, 2, 4, 6, and
10 hr post-dosing from all dogs)

Approximately ‘dose-proportional increases in mean plasma Cmax and AUC were seen
(Tabje liL.7). On day 364, Cmax values were 40.6, 257.1, and 827.9 ng/mi for LD, MD, and
HD males, respectively, cormesponding female values were 58.4, 99.5, and 992.4 ng/ml. AUC

- values were 182.3, 15'508.3. and 7103.1 ng-hr/ml for males and 249.1, §91.2, and 6379.8

ng-hrimi for females in the LD, MD, and HD groups, respectively. There was no evidence of
sex-related PK differences in this study. Drug accumulation was evident, although Day 0
AUCs may have been underestimated somewhat compared to the remainder of the study
because the 24 hr time point was assumed to be 0 ng/m.
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Table lL.8: Microscopic Findings in 1-Ymeddlys_Myoleaoabhe in Dogs

- Male Female
Finding 0 0.6 20 10 0 05 |20 10
lung )

inflammation, suppurative 05 |05 15 25 1% 15 15 2/5

inflammation, granulomatous o5 |15 |18 15 0’5 15 45 15

infittrate cefl, lymphocyte 25 |15 15 45 - - - -
spleen

fibrosis, capsular o5 jO5 15 15 15 o5 s 25
thyroid '

hyperplasia, C-cell 15 |45 B 2/5 25 4/5 35 4/5
tongue .

inflammation, nonsuppurative {055 | 1/5 15 25 I T 2/5 2/5
uterus

hyperplasia, cystic endometrial | - - - o5 2/5 1/5 15

hyperplasia, endometrial - - - - 05 05 /5 2/5

Table liL.7: Tiagabine Pharmacokinetics in Dogs during 12-Month Oral Toxicity Study

Dose Males
assalt Cmax Tmu AUCo.24 lII2
mgggda!

0.5 Day 0 38.30 32 1437 nd.
Day 30 36.65 3.2 1529 26
Day 182 30.98 68 2172 ad
Day 365 40.55 44 1923 nd

20 Day0 216.21 34 9664 15-29.
Day 30 24599 36 9669 1922
Day 182 2A46.87 56 12474 0823
Day 365 257.09 40 13083 12.25§
10 Day 0 666.15 22 24939 28
Day 30 104831 0 51505 3640
"Day 182 1597.50 50 95050 1660
Day365 . 827.90 40 -7103.1 29-39

Eemales
Crmax Tmu AUCop.24

ng/mL og-h/mL ng/mL ng-h/mL h

68.89
52.76
97
5836

306.94
314.18
100.55

99.51

727.69
668.74
1092.19
992.35

172

32
34
24
52

22
22
6.0
6.0

22
56
352
6.0

204.3
280.6
249.9
249.1

10403

943.6
893.5
912

3746.1
4759.1
6309.2
6379.8

0.98
. ad.
1.2-1.8
nd.

1.2.24
22
nd.
1.5

4.2.5.2
1.9-3.7
2442

1.6

‘Caladltedfrommo!mhudtundu:n.d.-mdwmm
Cmaxs Tmax and AUC values are means; t172 values are range in individual n'im.ls.



_IV. CARCINOGENICITY

A)

TWO YEAR CARCINOGENICITY STUDY IN MICE (Abbott Study No. TD91-214, conducted by i

GLP, completed 8/25/04, Vois. 1.36-1.44)
Treatment

Mice (70/sex/group) were dosed with 0 (C A; vehicie= 0.2% yicellulose),

0 (C B), 10, 30, 100, or 250 mg/kg, by gavage, for 2 years (99 weeks at HD due to high
mortality). Satellite groups (25/sex/group) were dosed for plasma drug leve! analyses. The

HD was based on the 13-week gavage dose range-finding study.
Strain: Cri: CD-1 BR

Drug Lot #s: 50-120-AL, 50-121-AL, 62-210-AL, 68-486-AL, 75-529-AL
Mortalty -
Study mortaiity rates ranged from 41 (LDM) - 84% (HDM). Survival was significantly

decreased in HD males and females compared to controls. Trend analysis showed a
significant, D-R increasing mortality

rate for males and females. Deaths attributed to gavage
error were increased at the 2 highest doses in both sexes.

Table IV.1: Mortality in 2-Year Mouse Carcinogenicity Study

Mortality, week 106"
oLz >
Gavage Total l'l"l
Dose Level Related Incidence (F e
—ing/kg/day) ~Deathss of Mortslity 3 Norzalicy o |
vehicle Control A 1 36/70 51
10 1 29/70 4 -
30 [} 40770 s7 o
100 2 43/10 6
250 s $9/70 “__ (7]
Venicle Control B - 33/70 6 (7 ]
[ |
YOMALZS w
Gavage Total F
Related Incidence ’ -
Deaths: of Nortality § Morgality .
Vehicle Coatrel A Y 38/70 $4 n
10 0 37/70 53
30 ° 38/10 s o
100 $ 45/70 (7
2s0 1 52/70 74 O
Vehicle Coatrol 8 - 47/70 a -l
Sumber dead/initial group nmmber
=ot examined microscopically
*Deternined by sacroscopic/aicroscepic
exaniaation findings

Hypoactivity was observed at 100 and 250 mg/kg, primarily during the first 2 weeks of
treatment. There were no other freatment-related differences in clinical signs.
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Sodv Weight

BW means were dosedepnndonﬂy"domased in treatment groups compared to controls
throughout the study, reaching statistical significance at the three highest doses.

Table [V.2: Group Mean Body Weights in 2-Year Mouse Carcinogenicity Study

Group Meaa Sody Welights ia Grams*

Dose Level MALES .
—insialday) —otk 98 -—toek 108
Vehicls Comtyel A 37 36

10 36 (=2.7) 35 ( -2.9)
» 3¢ ( -8.1) 33 ( ~8.3)
100 32 (-13.%) 31 (~13.9)
Vehicle contrel B 8 ( =2.7) s ( -2.8)
TEMALES
Week 98 Heek ;06
Vehicle Control A 33 3
10 31 ( =-6.1) 31 ( 0.0y
30 30 ( -9.1) 30 ( =3.2)
100 9 (-12.1) 27 (~12.9)
vehicle Control 8 32 ( =3.0 37 ( +3.3)
e(pezcent difference from Vehicis Control A)

1409 31915S0d 1534

Food Consumption

Food consumption was significantly lower than C A for males at the two highest doses and
for females at all doses. There were no T-R differences in food efficiency values.
Tissue Mass Observations

There were no drug-related changes in paipable masses.

Hematology (conducted on 10/sex/group at 12, 18, and 24 months)
No-toxicologically significant hematological changes were noted.

Gross Pathology (complete postmortems conductsd on all animals in main study groups)

a) Increased incidences of gaseous distension of various sagments of the intestinal
tract were found in HD males and females. There were no microscopic correlates.

b) - Increased incidences of congestion and/or red discoloration of the lung were found
in males and females from the two highest dose groups, primarily in mice dying
during the course of the study. These findings were not considered treatment-related
by the sponsor but were attributed to postmortem vascutar relaxation.
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9. Microscopic Pathology (compiete microscopic examinations were performed on all animals
ﬁomallmhsunygmupsmmc B)

a) Non-neoplastic

i. Liver - Hepatoceilular hypertrophy, usually involving centrilobular areas but
sometimes extending into the periphery, was observed in the livers of 27/70,
26770, 40/70, 49/70, and 67/70 male and 4/70, 12/70, 11/70, 26/70, and
4wommmmo 10, 30, 100, and 250 mg/kg of the drug,
respectively. Severity increased dose-dependently. Hepatoceliular
vacuolization was found in 1/70, 0/70, 2/70, 3/70, and 8/70 male and 3/70,
1170, 1170, 1/70, andam)fundem:ucdvlngo 10, 30, 100, or 250

il Lung - Congestion was increased at the two highest doses in both sexes.
Incidences were 2/70, 2/70, 1/70, 5/70, and 8/70 in males and 0/70, 2/70,
3/70, §/70, and 10/70 in females at 0, 10, 30, 100, and 250 mg/kg,
respectively. :

b) Neoplastic

There were no statistically significant increases in tumor incidence in the sponsor's
analysis. The high mortality in the HD group often resulted in a lower tumor incidence
for this group; therefore, an analysis which exciuded this group was also performed.
These results again indicated no significant increase in tumor incidence. However,
the incidence of alveolar bronchiolar carcinoma of the lung appeared to increase with
dose in males when the HD was excluded, and the unadjusted Peto p-value of the
trend test for this tumor type was <0.05 (Table IV.3). The incidence of this tumor
also appeared to be increased in treated females, but there was no dose
relationship. Historical control incidences of alveolar bronchiolar carcinoma for CD
mice in 2-year studies range from 1.9-20% in males and from 0-13.5% in females.

Table IV.3: Incidence of Lung Tumors in a 2-Year Mouse Carcinogenicity Study of Tiagabine

Tumor lncidenee_f Males

Sedy Systea Bese Sigh Dese Toot Paicwise
of
Ocyan . (o -vl'gldm Qe -'Mdm m -mldm c';'“':'.ﬂ./an (290 ﬁulﬁ.r_i ‘::r::lg’-

RESPIRATORT SYSTRM (061)

Lung (026)
Alveelar Mut sdenoma (1618)

n " 13 1/ " [ u
um: cu{'o:) m{m 0n7.14) us.n)
Alveslac bronshiclas careinesa {1611) ) t
410 1710 . "s
amoam A am o am pies
Mveslar bronshislar adencms snd/or carainmems (1810/1011) ‘
13/% E 18/70 16/ 10/% ns ns
(10.6%) cagg:) la{:“ (1299 aen

= BEST POSSIBLE COPY



Table IV.3 (cont):

- BEST POSSIBLE COPY

Tumor Incidence - Females ‘
Sedy System Contyel Low Dese id-low Dose Nid-Eigh Dece Sigh Dese Toot Pairdee
{ ] ($ 1) } (30 wg/kg/ 190 'hg/day) (380 wg/hg/day) ot axioen
O type (0 mofly/dent U0 mliu/tuy! g e ue sl ™ Tread (Rt
ARSPIRATORY SYSTEM (061)
" Lung  (026) '
Alveelar beenchislar adenssn (1019)
13/70 o7 13/70 11770 8130 e s
(20.60) (11.49) (20.8%) {18.71%) (7.40)
AMveslar Molu_' caswinenma (1021%)
: 1/7¢ il 3/70 a77e /70 ns Ne
(1.4%) 7.2%) (4.3%) (2.9%) (8.7%)
Alveolar broashielar adenema -;ll.c caseinema (1010/1011)
14/7¢ 13/77¢ 16770 13/7¢ /70 NS NS
(30.00) Ty (22.9%) 110.68) (13.9%)

10. Drug levels - Plasma samples collected 1 hour after drug administration.

After 3 months of treatment, 1-hr plasma leveis were below or near the detection limit (0.01
ug/mi) at 10 (both sexes) and 30 (males) mg/kg, but after 12-months, mean plasma levels
were greater than 1 ug/mi for all groups. No explanation for this finding was given, but there
were no apparent problems with drug stability or dosing formulations. No consistent sex-
related differences in plasma levels were seen.

Table V4. Plasma Tiagabine Leveis in Mice during 2-Year Oral Carcinogenicity Study

Dose Mean Tiagabine Piasma Level (ug/ml)

3 - Month 12 - Month
Male Female Male Female

10 0.00 0.01 138 1
30 0.01 240 4.08 3.22
100 7.40 8.07 6.47 6.82
250 9.34 |13.83 10.60 7.89
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B)  TWO YEAR CARCINOGENICITY STUDY IN RATS (Abbott Study No. TD91-213, conducted by
' GLP, completed 9/2/84, Vols. 1.50 - 1.59)

1. TIreatment

Rats (70/sex/group) were dosed with 0 (C A; vehicle= 0.2% hydroxypropyl methyicellulose),
0 (C B), 10, 30, 100, or 200 mg/kg, by gavage, for 2 years (101 weeks for HD). Sateliite
groups (25/sex/group) were dosed for piasma drug level determinations. The HD was based
on the 3- and 6-month rat studies.

Strain: Charles River CD

Drug Lot #. 50-120-AL, 50-121-AL, 62-210-AL, 69-486-AL, 75-520-AL
2, Mortality - |
Study mortaiity rates ranged from 57 - 84%. Survival was significantly decreased in HD
males and females compared to C A.

~ Table IV.5: Mortality in 2-Year Rat Carcinogenicity Study

Lntrcurrent Movtaliy - Male BEST POSSIBLE COPY

Cantvele Sow Bess WAd-tew Bese -Aw-. High Sees Palrvdee
[{] -‘v"t.llqi (1 7] -J:all.l [+ -ﬁ{lﬁ e -n dogrd M%’l‘m Trend Conperisens

Study Week [ with Csatzwl

Week 1 s 83 1770 /70 17798 13/%¢ /7%, - -
{20.08) (0.6%) (238.38} (17.4%) (30,00}

Weak $3 ke 70 13763 13764 18753 10/89 17/86 - -
(20.6%) (18.00) 130.3%) (17.3%) 130.4%)

ook 79 te 106 27/%0 34783 20738 28/40 28/39 - -
is8.00) (68.4%) (52.6%) 183,49} .

Wesk 1 te 186 /%0 $3/7¢ $3/70 49/7 9/9¢ ] me
167.2%) (74.3%) (76.3%) - 16%.20) (88.3%) (9n0.0330) (pee.0093)

Intercurrent Mortality — Females BEST POSSIBLE COPY

Centyele Low Dese Mé-Low Bose é-uigh
8 oxlhalen) (18 wafbalhon) (30 mefhefloai (m:f:.,::o m?:‘:/"m tread  Cocporiovas

Gtudy Week Toot with Csntweld

Week 1 Ge 83 /%0 LY ld 4/7 U . -— -
€2.9%) .49} (8.7%) u{:.u (::{;:o

Week $3 te 78 14768 24/68 13/¢¢ 20/64 29 - -—
$30.6%) (20.3%) (20.38) (ufau l“{::l

Week 79 to 106 37/%¢ 38/8% 38/84 38768 19738 - -— -

. *180.0%) 148.8%) (e6.2%) (s8.00) 180.4%)

Heek 1 to 206 43770 40/70 Ww/re 1/9¢ (2]
(61.4%) 18%.2%) 1s0.6%) n:gn (na:) c.-o.‘uu (p-:::un

| 1TV YY :. mu%amn&-nmmrm
« Buplanatica ehbeovistions uoed: M0 = Ner significamt = Dood srend, - analysed
3. Suatioticel siguificence M..l PO/ = O..ﬂi. thve “ es
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Wy

Observed Signs

Most signs observed at 100 and 200 mg/kg, ie, rales, body surface staining, hair loss, and
mateﬁalamundnoseandmoum.mpmbauymmadbmﬂnmaadmommyseenin
those groups. Increasedsalivaﬁonaﬂerdosingwasalsonotedinthesengups.

Body Weight

BWsmsignMﬁthnﬂasﬂunmwommoQOupsand in HD females
compared to C A. )

Tabie IV.6: Group Mean Body Weights in 2-Year Rat Carcinogenicity Study

0 (Control A) 790 523

0 (Control B) 728 (-7.8) 530 (+1.3)
10 768 (-2.8) 524 (+0.2)
30 764 (-3.3) 500 (-4.4)
100 661(-16.3) 483 (-7.6)
200°* 686 (-14.7) 434 (-16.7)
* (percent difference from Control A)

‘week 100 body weights; compared to Control A week 100 body weights
Eood Consumption

No consistent drug-related effects on food consumption or efficiency.
Tissue Mass Observations

No drug-related changes in number of paipable masses.
Hematology (conducted on 10/sex/group at 12, 18, and 24 months)

Slight decreases in erythrocyte parametars (RBCs, HCT, HGB) were seen in males at 30,
100, and 200 mg/kg (15% at HD). Reticulocytes were increased in the 30, 100, and 200
mg/kg group males and in HD females at the 18 and/or 24 mo sampling"intervals. Mild
anbocybsis,hypodummh.andpoly&mmhmalsonohdinmew. 100, and 200 mg/kg
group males. MCV was significantly decreased in MDH and HD females at the 12 mo
sampling interval. Noneofmewangummideredto’dcobgiwlysigniﬁcamwme

Gross Pathology

|Mmdmmwmmhmmmmmm
mimmmmmmawmmm.mmof
chmmmhmemm.mmmimmmmng
findings in treated animals was unexplained (see Table IV.7).
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9. Microscopic Pathology

Complete microscopic
C B, from which only livers and testes were examined.

a)

examinations were performed on all animais from all groups except

Non-neoplastic

H
o

Liver - Hepatocellular hypertrophy was slightly increased in females at 100
(WO)andZMmlkg(WO)compmdbC(OlﬂO)

Lungs - Puimonary siveolar macrophages, inflammation, and edema were
increased at 100 and 200 mg/kg, in both sexes (Table IV.7).

Eye - Keratitis appeared to be slightly increased in males at 100 and 200
mg/kg; incidences were &/70, 7/70, 8/70, 14/70, and 13/70 at 0, 10, 30, 100,
and 200 mg/kg, respectively.

Table IV.7: Microscopic Lung Findings in 2-Year Carcinogenicity Study of Tiagabine in Rats

Male Female
Finding )
10 30 100 200 O 10 30 100 | 200
lung (examined) (70) | (70) | (70) | (70) | (70) | (70) | (70) | (70) {(70) | (70)
alveolar macrophages | 18 23 13 35 40 17 14 18 36 51
edema 0 3 6 4 0 0 0 2 14
inflammation ) 4 5 6 6 5 7 11 19

b)

Neopiastic (Table IV.8)

Despite the high mortality rate at the HD, additional analyses excluding this group
were not performed by the sponsor.

Liver - The incidence of liver tumors appeared to be increased by treatment
in females and possibly males. Statistical analysis (sponsor's) showed a
significantly increased incidence of hepatoceliular adenomas in HD
compared to C A females (10% vs 1.4%) and a significant positive D-R
trend for adenomas in females. The combined incidence of
adenoma/carcinoma was significantly increased in both HD males (5.7%)
and females (11.4%) compared to C A males (0) and females (1.4%), and
there was a significant positive trend for combined incidence in females.
incidences of hepatoceliular adenoma and carcinoma in C B males (1.4 and
2.85%, respectively) were similar to those in HD males (2.85% for each).
The historical control ranges provided by the study facility were 1.3-10%
(male) and 0.8-3.3% (females) for adenoma, 1.7-6% (males) and 0-1.7%
(females) for carcinoma, and 1.3-11.7% (male) and 0.8-3.3% (female) for
adenoma/carcinoma.

Testes - The incidence of Leydig cell tumors was increased in males at 100
(57%)and200mgn(g(10%)comparadﬁoCA(2.9%) There was a positive
trend of increasing Leydig cell tumors with dose and the incidence was
significantly increased (sponsor's analysis) and outside the historical control
range (1.33 -6%) in the HD group.
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Table IV.8: Tumor Incidence in a 2-Year Rat Carcinogenicity Study of Tiagabine

INCIDENCE OF MEPATOCELLILAR ADENONA/CARCINOMA
OIED O STUUY AND TERNINAL SACRIFICE - MALE

' Vehicle 10 30 100 Vehicle
Oose egnka -MIU'! -lllnsldty -nlmd-y -lllmldlr %F"},‘
Number Examined . (L1plt~)) (52)(“) (Sl)(l‘) (47)(23) (5)(11) (44)(26)
Hepatocellsler .
Adencas e 0 .20 01 1 2 1 1 6 1
Hepatocellular
Carcinam ¢ o0 0 0 1 0 0 0o 2 0 2 0
m OF HEPATOCELLULAR ADENOMA/CARCINDNA
DIED OR STUDY AND TERMINAL SACRIFICE - FEMALE
Vehicle 10 30 100 200 Vehicle
Dose Control A -mmay -mmy -smmy -mum Control 8
DOS TS DOS 00s TS
Number Examined (83)(27) (60)(30) (411(2!) (51)(1!) (57)03) (48)(2¢)
Hepatocellular
Adencma 01 0 0 20 2 1 3 4 0 0
Hepatocellular
Carcinom 0 o 2 0 0 0 1 0 1 0 0 0
INCIDENCE OF BENIGN LEYDIG CELL TUNORS OF THE TESTES
OIED ON STUDY AND TERMINAL SACRIFICE - MALE
Vehicle 10 30 100 200 Vehicle
Dose Control A -u/km-y -!lkclday -!mmy mg/kg/day  Control 8
pos TS 18 oS TS 0os TS
Number Examined eny) (5!)(18) (52)(13) (47)(23) (59)(11) (44)(26)
Senign Leydig
Cell Tumors 1 1 0 1 1 1 2 2 3 4 6 2
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10.  Druglevels

Plasma samples were collected from up to 10 rats/sex from the satsllite groups at 1, 4, and
24 hr post-dose after 3, 12, and 24 months of treatment. Exposures (AUC) increased with
increasing dose and were generally higher in females than males. Levels increased with
duration of dosing, markedly in some cases. (The typical clinical AUC is 2.5-3.0 ug-hr/ml in
patients receiving 80 mg/day).

Table IV.9. Plasma Tiagabine Levels in Rats during 2-Year Oral Carcinogenicity Study

SM ) Time Memn AUC Mana.:l:
(mg salt/kg/day) Interval SD (ugshe/ml) SD (itp/mi)
Males

10 ‘ 3-month -t 010 £ 009
" 12-month 22 &+ b 014 £+ 013
24-month 36 + 06 060 + 052
30 3-month 39+ 18 100 £ 071
12-month 51 2 20 1.23 &£ 046
2A-month 215 £+ 224 432 + 402
100 3-month 216 £ 160 392 + 249
12~-maonth 460 + 179 945 + 382
24-month 1189 + 848 1386 + 583
200 3-mouth 602 + 342 767 + 462
12-moath 93.7 + 329 1041 £+ 213
24-month 1109 + 813 1334 £+ 597
Females _
10 3-month 16 + 06 032 + 018 .

12-month 19 £+ 07 043 = 020
2A4-month 25 £ 03¢ 05] £ 025

30 3-month 61 £+ 28 165 £+ 0.76 .
12-month 179 + 144 410 £+ 245
_ 24-month 241 + 166 529 + 392
100 3-month 714 + 378 957 &+ 285
12-month 1289 + 487 2150 + 586
24-month 1157 + 734 1597 =+ 832
200 3-month 163.7 + 420 1549 £+ 297
‘ 12~-month 2663 + 1044 2947 £ 957
24-month 2060 + 825 2175 £+ 440

& Drmug concentrations weee measurabie only at the one-hour interval for all animals in
this group, and AUCs could not be estimased. )

b An AUC could be estimated for only one rat.

& Plasma concentrations below the level of detection precluded estimations of AUCs
for most rats in this group.
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A)

B)

C)

SPECIAL TOXICITY .
ACUTE ORAL TOXICITY OF THE S(+) ENANTIOMER IN MICE (R&D/90/365, Vol. 1.68)

ThoS(+)enanﬁam«oflsapotenﬁdlawlevdeonmnmtofﬁnbulkdmg, which is the R(-)
enantiomer. CD-1 mice (5/sex/group) were given oral doses of 0.68, 0.82, 1.0, 1.22, and 1.48 g/kg
ofﬂmS(ﬂonanﬁonnrnudmobouvaddendbrzmmm

Histopathological exams were
mmnmmmuammmw,mqm,m
NMTmMMMhmu.mammwth
atdommmo.&mnummmnmnhofbom:mhm
douMNo,Mdethnﬂnwaysofﬂnmmmm
in females beyond day 2. In males, 1, 1.3.3.am4dmomudhmompecﬁvedosegmups;
2.3.4.-u4mded.NoapmqumBWmmnhdmumﬁuu-ﬁnedmm
MMWhmmhﬂmmwhmwmmﬁmm
mlampbauy(mluhﬂntommzmm).mwywmmmmmummmye
intestines of both and colitis was found in one of the mice. Pale, tan livers observed in 2 males from
the 1.0 g/kg group correlated with moderate vacuolization microscopically. The
conuwdmudwsocfﬂ:esmemnﬁomermdmlimdbba1.Oglkg.whid1wassimnarto
the combined oral LD50 vaiue of the R(-) enantiomer of tiagabine (ie, 500<LD50<1000).

FOUR-WEEK ORAL TOXICITY IN IMMATURE (JUVENILE) RATS (R&D/92/239, Vol. 1.68).

Oral (gavage) doses of 0 (vehicle=0.2% HPMC),10, 30, and 100 mg/kg (lot 56-160-AL) were
administered to 15 day old rat pups (10/sexigroup) for 28-31 days. An additional S/sex/group were
dosedmrphsmmddemnmﬁmNoT-Rdeam:wdungahbehmwphymalwndiﬁon
wemobsemd.Anwnbuofmhheachgmp.hdwth.mmubdsbnsofshbdauyoadenms.
ie, cervical swelling, diffuse comeal opacities, and photophobia. This viral infection is said to be
common in laboratory rats. Keratitis observed by ophthalmoscopic examin 2 C, 2 LD, and 2 HD rats
was also atlributed to infection. BW gain was dose-dependently decreased by treatment, and mean
BwforHDFwassigniﬁcanﬂylowerondaysabzo.memmnoto:deologicallysigniﬁcant
diﬁuumshhumbbgy.dnbddnnﬁsﬂy.uﬁmlysh.orgmmlghtahbbpaﬁobgydm Plasma
mmmammo.smmmmmmammmmempeﬁodmm
166, 698, and 2838 ng/mi for LD, MD, and HD males, respectively, and 367, 2650, and 5427 ng/mi
for commesponding females.

DETECTION OF ANTIBODIES TO TIAGABINE IN MICE (R&D/94/723, Vol. 1.69).

The abiiity of tiagabine to induce specific antibodies was tested in male C3H/He mice (N=10/grp)
given the drugasanaqumsohﬁon.bygavage.for14daysat.dosesof1.5.or10mglkg.
MMM(MO)WWWWMWQM( \
10uW).bumhbdasmaqmsduﬁonmemwmmnmntﬂwsemmlsm
treated on two occasions a week apart, by the sc route. A positive control (N=7) received BGG in
water with FCA (1 mgAq), and two vehicie control groups received water, by gavage (N=10), or water
with FCA, sc (N=14). Using an ELISA assay, specific antibodies to BGG were detected in sera from
animais treated with this protein. No specific antibodies were detsctad in sera from animals dosed
wi&ﬂagabhabymwhmhmmmmyodhweﬂscoahdmmﬁagabm
or BSA (bovine serum albumin). However, sera from animals treated with tiagabine-BGG were found
to contain specific antibodies that bound to wells coated with iagabine-BSA but not in those coated
ma&mmmmmmmmmmgmMsmmﬁbodmw
any of the coating materials. It was conciuded that tiagabine given by the intended clinical route did
not induce detectable antibodies in mice, but that a conjugated form (tiagabine-BGG) did induce
specific antibodies (reactive with tiagabine-BSA) when administered sc with adjuvant
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Vi.

A)

.B)

C)

D)

GENETIC TOXICOLOGY
AMES TEST (NO-050-0328, conducted by ,1/88, GLP, Vol. 1.74)

Tiagabine (batch #: K88/3-s5) was tested in Saimonelia strains TA-98, TA-100, TA-1535, and TA-
1637, with or without metabolic activation(S-9), using pour-piate assays, over concentrations
ranging from 5 to 500 ug/plate. All tests included solvent (distilled water) controls. No increase in
revertants occurred for any strain in these tests. Inhibition- of growth was seen in all strains

following exposure to 500 ug/plate. Appropriate positive control responses were obtained.

ASSESSMENT OF MUTAGENIC POTENTIAL IN E COL! (R&D/90/340, conducted by .
: 4/93, GLP, Vol. 1.74)

Tiagabine (batch #: 168-566-3) was tested, in the presence and absence of S-9, in a tryptophan-
dependent auxotroph of E coli, strain WP2 uvrA, using pour-plate assays, over concentrations
ranging from 25 to 2500 ug/plate. Tests included solvent (water) controls. No increases in
reversion to prototrophy were obtained at the tiagabine levels tested. Inhibition of growth occurred
at 2500 ug/plate. Appropriate positive control responses were seen.

CHROMOSOME ABERRATION IN HUMAN LYMPHOCYTES IN VITRO (R&D/80/301, conducted
by 9/88, GLP, Vol. 1.74)

Tiagabine (batch #: K 88/3 -85), at concentrations ranging from 25 to 200 ug/m! without activation
and from 25 to 1000 ug/mi with metabolic activation (high concentrations chosen on the basis of
dose range-finding assays showing toxicity and/or insolubility at higher concentrations), was tested
for its ability to induce structural chromosome aberrations in cultured human lymphocytes. Solvent
controls were treated with the maximum amount of solvent used in cultures (10 u/m! DMSO).

In assays performed without S9 activation, there was a large and statistically significant increase
in the percentage of cells with aberations after exposure to 200 ug/mi (Table Vl.1a). Most of the
aberrstions were chromatid breaks. This concentration was cytotoxic as evidenced by a reduction
in the mitotic index and abnommal cell morphology. The positive control (mitomycin-c) also induced
a statistically significant increase in abemations.

In the presence of S8 (Table V1.1b), the positive control (cyclophosphamide) induced a significant
increase in aberrations, but no increase in aberrant cells was seen in any of the cuitures treated
with tiagabine. -

nwmmmmmmmmmmmmmmhmum

ASSESSMENT OF MUTAGENIC POTENTIAL IN CHINESE HAMSTER (V79) CELLS
(R&D/90/341, conducted by 10/88; GLP, Vol. 1.74)

The ability of tiagabine (batch # KB&/7) to induce mutations at the hypoxanthine-guanine-
phosphoribosy! transferase (HGPRT) locus in Chinese hamster (V79) cells was tested in duplicate
assays at concentrations ranging from 10 to 750 ug/ml in the presence and absence of metabolic
activation (based on preliminary assays showing excessive toxicity at higher concentrations).
Treatments took place for 3 hr. Solvent (DMSO) controls were included in all experiments.

In the first mutation assay without S-8 (Table VI.2a), increases in mutation frequencies were

observed in cultures exposed to tiagabine at 50 ug/ml (15.2 per 10° survivors, average of 2
cultures) and 500 ug/ml (15.5 per 10° survivors) compared to the control value of 6.2 per 10°
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survivors. It was not possibie to plate out one of the cultures exposed to 750 ug/mi because of low
cell counts, and both cultures treated at 750 ug/ml gave piating efficiencies of zero when plated
out for survival immediately post-treatment; therefore, the mutation frequencies for these cultures
were considered invalid. In the second assay, the highest concentration was reduced to 600 ug/ml,
and no increases in mutation frequency or mutant colonies were observed. Positive control
frequencies were increased in both assays, but were much higherinmgﬁrstmantheseeond.

In the first assay with S-9 (Table V1.2b), increased mutation frequencies were observed in cultures
exposed 10 10 ug/mi (8.0 per 10° survivors, average of 2 cuitures), 50 (8.3 per 10° survivors), and
250 ug/mi (8.7 per 10° survivors) compared to the soivent control value of 1.9 per 10 Survivors.
lnmeuoondaeﬂvuﬂmmay.mlyﬂncobnhsapoudbwuglmlmanmmin
monztaﬁonmquency(s.sperw‘survivors) compared to the solvent control frequency of 3.4 per
10° survivors, :

A single culture exposed to 50 ug/ml in the absence of S-9 (27.5 per 10° survivors) and single
cultures exposed to 10 (13.8 per 10° survivors) or 250 ug/mi (15.4 per 10 survivors) in the
presence of S-8 had mutation frequencies outside the range of DMSO solvent control data for the
conducting laboratory. Solvent and positive control frequencies were appropriate for a valid assay
in all cases. Due o the size and inconsistency of the effects observed, the sponsor concluded that
tiagabine was not mutagenic under the conditions of the study.

MOUSE MICRONUCLEUS (R&D/90/300, conducted by 10/88, GLP, Vol.
1.74)

Micronucleus formation in bone marrow polychromatic erythrocytes was determined in mice
(S/sexigroupitime) after administration of single oral doses of 2, 10, or 50 mg/kg (batch: K88/7).
The doses were chosen on the basis of an acute study using 25, 50, 100, 250 mg/kg, in which
convuisions and death occurred at the two highest doses. In the main study, clinical signs
(tremors) were seen at the MD and HD, but no deaths occurred. Among mice killed 24 hr after
treatment, the mean incidence of micronucieated PCEs was 0.7 (per 1000) for the vehicle control,
and 0.5, 0.6, and 0.4 at the LD, MD, and HD, respectivety. Among mice killed after 48 or 72 hr,
the mean incidences were 0.6 and 0.5 for controls and 1.0 and 0.6 for HD mice, respectively. There

were no statistically significant differences between control and treatment groups at any time.
Chiorambucil produced a significant increase in micronucleated PCEs (57.5). The ratio of
polychromatic to mature erythrocytes was 0.8 in the control group and 0.9, 1, and 0.9 in the LD, MD,
and HD groups, respectively. After 48 hr, the ratics were 0.8 for controls and 0.9 for the HD group.
After 72 hr, the ratios were 0.8 for C and 0.9 for the HD group. It was concluded that tiagabine did not
induce chromosomal or other damage leading to micronucieus formation in PCEs of treated mice.

UNSCHEDULED DNA SYNTHESIS IN RAT PRIMARY HEPATOCYTE CULTURE (R&D/95/002-
Study No TX84-295, conducted by 3/95, GLP, Vol. 1.74)

Tiagabine (Lot no.: 87-728-AL) was tested for potential to induce DNA damage in the in vivo/in vitro
assay for unscheduled DNA synthesis in rat primary hepatocytes. Primary hepatocyte cultures were
prepared at two time points, 2-4 and 15-16 hr, after dosing of female Sprague-Dawley rats (3/group)
with 60, 300, 600, and 1200 mg/kg of tiagabine (po). Clinical signs (increased salivation, rales,
hunched posture, epistaxis, ataxia, hypoactivity) and hepatocyts toxicity (decreased cell attachment
efficiencies, increased ceilular vacuoles) were observed in rats treated with 600 and 1200 mg/kg. The
vehicie controls were negative and the positive controls were pesitive. It was concluded that tiagabine
did not induce DNA damage under the conditions of this study. When samples of dosing solutions
were assayed, the values ranged from 86.6-95.2%, but since clinical signs and cytotoxicity were
observed the assay was considered valid by the sponsor.
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Table Vi.1: Chromosome Aberrations in Purified- Human Lymphocytes

a.

way No.: E-9802
wpound: NO-085-0328

Trial to.e I

Lab Code: 120188
Dosing Dete: Jamwery 13, 1988

ABERRATIONS IN PURIFIED MUMAR .APIOCYTES
Posled results frow replicste cultures

BEST POSSIBLE COPY

’AEF IRIDER AND TYPE OF ABERRATION
s ERTE]a e ey
WTROLSs | 200 .
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. '0SIVIVE: Mitomycin-C ] 0.0 s.0¢|. o.0
aa—100:9_00/81
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25.0 pg/al 200 1 o015 15 ] 0.0
$0.0 pg/al 200 0.020 3] o8
100.0 pg/al 200 0.028 25 | o0
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$6: Chromosoue gap

OM: Ooudble minute
TR: Trirsdial

b. 3.4% T8: Chromatid bresk QR: Quadriradial
c. 1.5% $8: Chromosome bresk
bl “
Sstoh No.: 1 0388
ay No.: E-9802 Trisl Ne.: Wien [X]
R Activation:
pound: NO-0S-0328 _ Dosing Date: Jenuery 13, 1988 Without ]
W, OF [% CELLS | & CELLE
esu.sl WUMBER AND TYPE OF ABERRATION el -l o
TREATMENT - - TIONS | ABERRA- | ASERRA-
< .. Je180 [B_1€1 PYICTIPER CELY YIONS | TiOMS
TREATED AMD SOLVENT 200 | s 1 - o005 0.5 | o.0
SITIVEs Cyclophosphamide | 28 | 2 s 0.320}] 20.00} s.0
25.0 ya/el
IT CONPOUND;
28.0 pg/a) 200 |10 R ee| 20 | o.0
$0.0 pg/al 20 |8 ' 00| 3.0 | o
® ki
100.0 pg/ul 200 |1 gl 1 0.020| 2.0 0.0
250.0 pg/mt ¢ 200 | 4 3l o038 3.0 o.s

{gniticantly grestsr than the pooled untrested and solveat contrels, p<0.0$

totic fndexs a. $.4%
b. §.3%
c. 4.9%

T8: Cheomatid gep
T9: Chromatid bresk
$8; Chromoseme bresk T : Translocation

ONs Double minute
QR: Quadriradial
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Table V1.2: Mutagenicity of Tiagabine in Chinese Hamster (V79) Cells

R mie sties sns - srassaest sniet de e besecs of 59 ot
ﬁ 1.8 8.2 .1 a2
-fllf‘.. e 58 [ ¥ 19
bt 1t " aa 5.2 .. Y
"W w1 2 ns 23
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(. J] . .6 .8
"'(.i‘g.'?a 52.0° 0.
(g) "7 9.9 .0 9..
m 1es.) 5.3 *w.5 3.4
: i %;:E;:-Ezﬁmb. duplicate cultere set plated eut dne to
b.

flafe sytsties apsavs - trejtesst sejes s the presesce of 30 iz

Treataeat

ey s

(W/el)  efficlency frasmacr® efficiency froqeency®
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- .o X n. .
= il “s e
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vi)
A)

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY

FERTILITY AND GENERAL REPRODUCTION STUDY IN RATS (Abbott Study No. TAB9-351,
conducted by GLP, Vol. 1.70)

1.

Male and female rats (42/sex/grp) received 0 (vehicle = water), 4, 20, or 100 mg/kg, by
omdeummmmmmbmmmM&\g(ﬁ
cohabitation, 10 day maximum) and until females were sacrificed. Females were dosed
for 28 days prior to mating, throughout mating (up to 15 days), and until sacrifice on Day
20 of gestation (22/group) or at weaning. Dose selections were based on the results of
a 13-week toxicity study conducted with doses of 25, 100, and 400 and an unsubmitted
12-day range-finding study in pregnant rats with doses of 25, 100, 200, and 400 mg/kg. -
The 400 and 200 mg/kg doses were considerad excessively toxic, since they resuited in
significant mortality; 100 mg/kg decreased weight gain in pregnant rats and resulted in
10% mortality in the 13-week study.

Strain: Sprague Dawley (Cri:CD BR VAF/Plus)

Drug iot #:  109-842-AX

Eo Data

a) No T-R mortalities occurred during the study.

b) T-R dlinical signs observed in HD males and females during dosing included rales,
nasal discharge, and colored material around the nose. Rough coat and
piloerection were also reported in HD females.

c) Significant decreases in BW (7%), BW gain (15%), and food consumption were
observed in HD males during the dosing period. BW gain was significantly
decreased (13%) in HD females during the gestational dosing period. BW gain
was significantly increased in MD and HD females during the lactation period.

d) There were no group differences in mating or fertility indices.

e) No T-R gross intemal abnormalities were observed at necropsy. Neither
histopathologic evaluation of reproductive organs nor sperm analysis were

All term fetuses were examined for extemal abnormalities. Approximately 1/2 were fixed
in Bouin's solution, then examined for visceral defects using Wilson's method. The
remaining fetuses were cleared and stained by the KOH-Alizarin red technique prior to
skeletal evaluation.

a) Preimpiantation loss was increased 2-fold at the HD (Table VIL.1), primarily due
to 1 litter with 16 corpora lutea but only 2 implants. Increases in postimplantation

. loss (mostly early resorptions; 1 lats resorption at HD) were seen in MD (7% vs

‘3% in C) and HD (9%) group litters, but values were within the historical control

range.
b) Fetal BWs wers only slightly decreased at the MD and HD (effects could have
been offset by differences in litter size). °
c) Total incidences of fetal malformations and variations were comparable among
. groups (1, 2, 1, and 2 malformed fetuses in C, LD, MD, and HD groups).
Craniofacial and CNS defects (cleft palate: 1 HD fetus; anophthalmia and/or
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mz1,m1mmaw.uo.muo;hymm
1 MD fetus), and a single case of brachydactyly (HD) were seen in treated litters.
The single maiformed C fetus had an umbiiical hemia. Incidences of unossified
or malaligned stemebrae wers increased in all treated groups, but not in a dose-
relatad manner.

Viablity, growth, development, and function of the FO offspring (F1 generation) were
evaiuated during lactation and the during the postweaning period. Selectsd cffspring were

a)

b)

¢)

d)

There were no significant treatment-related effects on reproductive parameters in
dams aliowed to deliver (Table V11.2). One LD female showed signs of dystocia
and died during parturition. Single occumrences of fitter cannibalization occurred
at the MD (PND 0) and HD (PND 3); this resulted in decreases in pup viability
percentages on Day 4 (significant at HD). Thers were no group differences in litter

Mean pup weights during lactation were decrsased in the HD group compared to
C. Although not statistically significant, the differences were sufficient to indicate
a drug-related effect, according to the sponsor. The HD group weight deficit
persisted following weaning until study termination, and statistical significance
was reached between weeks 15 and 21 in HD males.

There were slight delays in the acquisition of developmental landmarks at the MD
and HD, usually limited to 1 day in 1 or 2 pups/group. An effect on open field
behavior was observed when offspring were tested at between 35 and 45 days
of age. Treated pups, primarily in the HD group, were generally less active in this
test than controls, ie, center square latency was increased, squares entered
decreased (significant for HD males), and rearing was decreased. The effect was
seen in both sexes but was fairly small and the individual data were variable (the
HD male effect was attributed to 1 pup that remained in the center square
throughout the test). There were no effects on a multiple T-maze test of leaming
and

memory.
There were no T-R differences in the fertility or reproductive capabilities of F1
animals. F2 parameters were comparable among groups.

APPEARS THIS WAY
ON ORIGINAL
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Table Vil.1. Segment | - Cassarean Section Data

Group (dose in mg/kg)

0

4

20

100

Number of Litters

19

2

21

21

Corpora Lutea"
Uterine implants

13015
129+ 1.9
09£15
1261 1.8
0407
0.0£0.0
04207

3.5£03

129231 | 136220 .

121£3.7 [ 129+24

08£20 | 07213

117235 | 120126

05406 | 09+11

00£00 | 00100

05206 | 09211

35204 34102

Table VIl.2. FO Dam Delivery - Matermnal and Litter Parameters

138218
120227

18+£33
108+ 28

1014

0.03+02

11214

34+02

Treatment Vehicie Tiagabine (mg/kg)

0 4 20 100
Total no. females 20 20 20 19
No. gravid 20 19 18 17
No. nongravid 0 1 2 2
No. dying/sacrificed prior to delivery 0 1 0 - 0
No. delivering pups 20 -18 18 17
No. with complete litter loss 0 0 1 0
No. with no or partial litter loss 20 18 17 17
Gestation duration (days)* 21904 21904 2181204 219+04
Livebom ‘ 115227 112228 109222 120+ 24
Stillbom/dead Day 0 - 03+£08 0612 03205 02104
Litter size 118227 118+ 20 112+£23 122+24
Pup weight Day 1 (gm) 65106 6.7+ 0.6 6.9+07 6.3+06
Day 4 viability. (%) 85.2 97.5 92.4 89.7
*Mean £ SD




B)

1 AT AT

'{§'§)ATOLOGY STUDY OF TIAGABINE IN RATS (TA90-237, conducted by Abbott, GLP, Vol.

1.

Treatment

Matedfandemhﬂﬁlgmup)mﬁubd%ﬂ(vchlde-wmn.4.20.or1oomgmg,
byualmmmmysemmghﬂ;mnpdesmpﬂfmmdonoayzo.
Pmmmmmmm3mmmwmp.bm

adccﬂon.wasbaudonmmaa.ﬂ-daymmmdyhmm-m (not -

submitted), in which, reportedly, matemal toxiclly (deaths, decrsased BW and food
mmm)mnmmoo.zoo.mmmmmm(mm
fetal weight on GD 20) was noted at 200 mg/kg or greater. Visceral and: skeietal
evaluations were not performed. The matemal and developmental NOAEL was sald to be
25 mg/kg. This study has been requested. '
Strain: Sprague Dawley (Cr:CD BR VAF/Plus)
Drug lot # 108-842-AX

FQ Effects:
a) There were no maternal deaths. A low incidence of rales and ocular and nasal
discharge was cbserved at the HD only.

b) Matemal BW gain during dosing (GDs 6-18) was decreased at the HD (~10% less
than C, ns); however, comrected gestational BW gain (matemal BW less gravid
uterine weight) was even lower in the HD group compared to C (28% over GDs
6-20, ss) due fo increased gravid uterine weights in treated groups (ss at MD and
HD) resulting from the larger litter sizes in these groups. Absoluts matemal BWs
at term were similar among groups (HD 4% below C). Materal food consumption
during the first 3 days of treatment was significantly decreased (-28%) in HD
dams.

Matemal plasma levels

Bloodsamplesmobminedfmnamtslgroupappmﬁmatelyo.s. 1, 2, 4, and 24 hr after
dosing on the 17 day of gestation (last day of dosing), and plasma concentrations were
determined using a validated HPLC (Table V1.3). Plasma levels were variable, especially
in the MD group. TwoofmmeratsinmeMngupmexdudedﬂumthePKanalysis
because of the "unusual shape of the plasma concentration-time curves." AUC vaiues
must be interpreted cautiously because of the extended time between the last two
samples. =

Table VII.3:. Matemal Plasma Drug Levels

100 (n=3) 10841.3 £ 4136.7 20+1.7

Dose Cooax Tax  AUCo
(mgkg/dsy) . (ng/mL) (n) (ng-hejml)

4(n=3) = 173.6+984 1.0£09 942.6 + 182.4

20 (n=1) 3049.5 20 12932.6

81491.5 * 54614.3
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C-Section Data

Tmﬁnnumemmwmmmm.mpmmaymmmwm
Bouin's solution, then examined for visceral defects using Barrow and Taylors
MMonden’s_mmmmmMnumdwodandmmdbyﬂm
KOH-Alizarin red tachnique prior to skeletal evaluation. .

a)

b

Implantation sites were significantly increased in MD.and HD dams, probably

mﬂm-mmmofhmhmc.mmmmm

:rthWIMMMWBWWWW(S%)MHDm
able ViI4).

Towmnaﬂuummmummadhmoﬂbmﬂabhwua).
Craniofacial maiformations predominated, aithough no single defect was seen in
more than 2 fetuses/liters (agnathia, open eye, situs inversus). All of the defects
observed are known to occur spontaneously in rats, and there was no dose-
relationship; however, the increased overall incidence of malformations in the HD
group clearly indicates that development was perturbed by this dose, which aiso
produced minimal matemal toxicity.

i Extqrnal defects: A variely of malformations were found only in HD
fetuses (Table VILSa): one litter (3014) contained a fetus (7) with
microcephaly, anophthaimia, agnathia, astomia, and a proboscis and
another fetus (8) with agnathia, aglossia, and an encephalocele. A second
litter (3028) aiso had two malformed fetuses: one (4) with a threadlike
vestigial tail, umbilical hemia, clubbed hindlimbs, and generalized edema
and another (12) with a right open eye. Two additional HD litters
contained single malformed fetuses: one (3036-13) with a missing tail
(acaudia), and one (3050-11) with a right open eye. Findings of
hematoma were distributed across groups without any obvious
relationship to treatment, but an increased incidence of pale fetuses
occurred at the HD (Table VIL.&b).

ii. Visceral defects: Visceral malformations were found only in HD litters
(Table VIi.5a): hydrocephaly was observed in one of the fetuses
previously noted with multiple external craniofacial anomalies (3014-7);
situs inversus of thoracic and abdominal organs was detected in two
fetuses from two litters (3030-6, 3038-4); and one fetus with a reduced
pulmonary artery was found in another litter (3018-8). Hydronephrosis and
aortic remnant occurred at similar frequencies across groups (Table
ViLSb). =

iii. Skeletal defects: There wefe no group differences in skeletal
malformations (seen only in 1 LD fetus) or variations.

APPEARS THIS WAY
ON ORIGINAL
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Table Vil.4. Segment Il - Cassarean Section Data

:' Group (dose in mg/kg)

0

4

20

100

| Number of Litters

22

22

18

20

| Corpora Lutea (no.flitter)*
Uterine Implants

Live Fetuses

| Earty Resorptions

Late Resorptions

11.52 £ 0.53
9.09 + 0.82
8.68 £ 0.76
0.36 £ 0.32
0.05 2 0.05
3.71+£0.06

13.09 £ 0.69
10.68 £ 0.45
10.23 £ 0.43
0.36 £ 0.12
0.09 0.@
3.68 £ 0.04

1284 £ 0.40
11.50 £ 0.69

10942073

0.50 £ 0.20
0.08 £ 0.08
3.78 £ 0.07

13.10 £ 0.40
11.60 + 0.4
11.05 £ 0.37
0.55 £ 0.17
0.00 £ 0.00

3.61£0.06 |

Table ViLSa: SUMMARY OF FETAL OBSERVATIONS - MALFORMATIONS
) FETUSES LITTERS
’ GROUP: Te Tt T T Te T T T
: . LEVEL (MG/KG/DAY): 0 4 20 100 0 4 20 100
NUMBERED EXAMINED EXTERNALLY 191 225 197 221 22 22 18 20
AGNATHIA o 0 o0 2 6 0 o0 1
ANOPHTHALMIA o 0 o0 1 0 0 o0 1
. ASTOMIA 0 0 o0 1 0 0 0 1
BLISTERS ON CRANIUM 0 0 o0 1 0o 0 0 1
CLUBBED PAW(S) o 0 0 1 0o 0 0 1
“ELEPHANT NOSE" 0o 0 o0 1 0o 0 o0 1
MICROCEPHALUS 6 0 o0 1 0o 0 o0 1
MISSING TAIL 0 0 o0 1 0 0 o0 1
VESTIGIAL TAIL 0 0 o0 1 0 0 o0 1
NO TONGUE 0 0 o0 1 0 0 o0 1
OPEN EYE 0 0 o0 2 0o 0 o0 2
UMBILICAL HERNIA 0 0 o0 1 0o 0 o0 1
NUMBER EXAMINED VISCERALLY 88 106 81 107 20 2 17 20
HYDROCEPHALUS , 00 0 o0 1 © 0 o0 1
PULMONARY ARTERY-REDUCED DIAMETER 0" 0 0 1 & 0 0 1
SITUS INVERSUS-COMPLETE .0 0 0 2 0.0 0 2-
NUMBER EXAMINED SKELETALLY 103 119 108 114 2 2 18 20
FUSED VERTEBRA(E) ARCHES o 1 0 o0 o 1 0 o
TOTAL MALFORMATIONS
NUMBER WITH EXTERNAL MALFORMATIONS o o o & o 0 o0 4
NUMBER WITH VISCERAL MALFORMATIONS 0o o o 4 0 0 o 4
NUMBER WITH SKELETAL MALFORMATIONS o 1t o0 0 o 1 o o
TOTAL NUMBER WITH MALFORMATIONS o 1 o 9 0o 1 0 7




Table VII.6b:

_ . LTTERS

prandf Y Y En  n I
A 0 4 100
NUMB 4 191 25 197 221 2z 2 18 2
EDEMA o 0 o 1 0 0 o0 1
HEMATOMA « 1 2 4 § 1 2 4
PALE 1 3 1 &6 1 2 1 5§
NUMBER EXAMINED VISCERALLY 6 108 91 107 0 2 17 2
EXTRA ARCH 5§ 8 o0 8 4 3° 0 3
HYDRONEPHROSIS 2 -2 1 3 1 2 1 2
NUMBER EXAMINED SKELETALLY 103 118 108 114 2 2 18 2
EXTRA 1 0 0 o 1 0 0 o
MALALIGNED STERNEBRA(E) 2 38 1 & 1 2 1 4
RUDIMENTARY RIB(S) 1 4 4 2 1 4 s 2
THICKENED RIB(S) o 1 o0 1 o 1 o0 1
WAVY RIB(S) : 1 0 0 0 t 0 0 o
FUSED STERNEBRA(E) 0o 0o o 1 0 0 o0 1
MISSING RB(S) 0o 2 1 1 0 2 1 1
MISSING VERTEBRA(E) o 0 0 1 6 0 o0 1
INCOMP. OSS. HYOID BODY 4 7 10 10 2 4 6 6
INCOMP. OSS. INTERPARIETAL(S) 13 13 14 19 8 10 9 12
INCOMP. OSS. ISCHIUM 2 0 0 1 2 0 o0 1
INCOMP. OSS. PARIETAL(S) 6 3 1 3 5 2 1 3
INCOMP. OSS. PHALANGE(S) 16 18 11 20 7 9 6 9
INCOMP. OSS. PUBIS 1 0 2 o 1 0 1 o
INCOMP. OSS. RIB(S) 1 0 1 0 1 0 1 0
INCOMP., 0SS, STERNEBRA(E) 9 6 44 63 18 20 15 18
INCOMP. OSS. SUPRAOCCIPITAL(S) 15 13 8 18 1 8 8 10
INCOMP. OSS. VERTEBRA(E) 6 10 15 18 5 8 8 10

UNOSS. HYOID BODY 8 5 2 8 « 2 1
UNOSS. PHALANGE(S) 6 S5 4.7. 3 2 2 3
UNOSS. RIB(S) 0 0 o0 1 © 0 o 1
UNOSS. STERNEBRA(E) 36 33 31 2 15 17 14 14
UNOSS. VERTEBRAE) 0o 0 o0 1 0.0 o 1

TOTAL VARIATIONS AND PATHOLOGIES'

NUMBER EXTERNAL - 5 4 2 11 « 3 2 9
NUMBER VISCERAL 7 5 1 8 5 5 1 4
NUMBER SKELETAL * 79 7 e 22 18 20

SUMMARY OF FETAL OBSERVATIONS - VARIATIONS AND PATHOLOGIES




A R b

C) TERATOLOGY STUDY IN RABBITS (TES0-253, conducted by Abbott, GLP, Vol. 1.73).

1.

Jreatment

Pregnant rabbits (16/group) were treated with 0 (vehicle), 1, 5, or 25 mg/kg, po, on
gestation Days 6 through 19, and C-ssctions were performed on GD 28. An additional
4/group were treatsd for drug level determinations. In a dose range-finding study with
doses of 5, 20, 80, and 300 mg/ig (not submitted, requested), maternal deaths reportedly
mumﬂommmmmmummmm.
characterized by reduced fetal viabliity and BW, was observed at 20 and 80 mg/kg, and
open eyelid was found in 6 fetuses from 1 of 4 litters dosed with 80 mg/kg. :

Strain: New Zealand White

Drug lot #: 104-671-AX

EOQ Effects:

a) One HD animal for drug level determination died on GD 19, but no
other animal died in the study. No T-R ciinical observations were reported.

b) No significant group differences were detected for any of the BW measurements,
but the mean BW gain during dosing was 40% lower in HD animals compared to
C. Food consumption was also decreased at the HD.

c) Blood samples were collectad from 4 rabbits/group approximately 0.5, 1, 2, 4, and

24 hr after dosing on day 19 of gestation (last day of dosing), and plasma drug

leveis were determined(Table VILE).
Table VIL6: Maternal Plasma Drug Levels
Dosc Conax Tonax AUCop.24
(mg/kg/day .__(ng/mL) (hr) (ng-br/mL)
1 81.7 £ 30.4 15+17 787.8 £274.6
5 631.4 £ 2127 - 0.8+03 41155 + 1478.1
25 3630.9 + 3721.7 05+00 20436.7 + 16118.2

a) The numbers of corpora lutea, implantation sites, and live and dead fetuses were
comparable across groups; however, early resorptions were increased at the HD

"~ (litter mean of 1.0 vs 0.15 in C; 1 total litter loss; Table VIL7).
b) Fetal weights were slightly decreased (3% less than C) in HD female offspring.

Fetal Evaluation (Table Vil.8a and b)

a) There were no group differences in total malformations, but the incidence of
’ galibladder agenesis showed a significant increasing trend with dose (4/105
fetuses and 3/14 [itters at HD). The historical control incidence of this defect (may
be considered a variation rather than a malformation) in this NZW rabbits is about
0.125% of fetuses and 0.8% of litters. *
b) Frequencies of some specific skeletal variations (incompletely or unossified
phalanges, vertebrae, and stemebrae) appeared to be somewhat increased in HD
fitters,
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0 t -8 L -} 3
nct_d-u of Utarine Fiadiugs. _
Cozpozra Latea No. of Corpors lmtes - 123 40 - - 128 T 149
{per 1ittes) 9.46 20.00 9.4 2.93
8.8. Bean 0.43 .49 .40 .41
lancation Sites No. of Tmplantation Sives ” 11 24 120
Tolen Neaa (per 1ieter) 245 031 . 671 8.00
S.8. Nean .48 .49 0.6¢ 9.37
Viable Fetuses Ne. of Viable Petuses 22 109 21 108
Nean (per 1itter) 7.08 .39 €.80 7.00
8.8, Neam 048 .48 .62 .68
Dead Petuses Mo, of Dead Fetuses [ 1 [ ] [ ]
Nean (“' 1itter) .00 0.07 0.00 4.00
S.8. Nean 0.00 0.07 .00 ¢.00
sa sions 0. Resorptioas a 3 ° 1s
F1¥ Resors l-l:n“bu- tter) 0.13 .14 .00 1.00
8.8, m v .10 .10 0.00 .39
Late Resorptiocas %o. of Late Resorptioas 3 3 3 0
Mean (per litter) 0.23 0.2 0.32 .00
8.8, Mean .12 0.18 0.18 0.00
¥o. of Litters 13 14 14 13
Table Vil.8a SUMMARY OF FETAL OBSERVATIONS - MALFORMATIONS
FETUSES LITTERS
GROUP: To Tt Ta T Te Th T2 T
LEVEL (MG/KG/DAY): 0 1 5§ 25 0 1 5 25
NUMBER EXAMINED EXTERNALLY 92 109 Ot 105 13 14 14 14
CLUBBED PAW(S) 0 0 0 1 0 0 0 1
CURLY TAlL 1 0 0o 0 1 (V] 0 (1]
DOMED HEAD o o 1 0 0 o 1 0
GASTROSCHISIS o o0 o0 1 0 0 0 1
UMBILICAL HERNIA 1 0 o 0 1 0 0 0
NUMBER EXAMINED VISCERALLY 92 19 91 108 12 14 14 14
HYDROCEPHALUS e 0 1 1 0 0 1 1 0
COURSE 3 0 o o 3 0 (1] 0
MULTIPLE HEART DEFECTS 1 0 o o 1 0 0 0
MULTIPLE KIDNEY DEFECTS o 0 11 o 0 0 1 0
GALL BLADOER o o 1 4 0 o0 1 3
NUMBER EXAMINED SKELETALLY g2 109 91 105 13 14 14 14
BRANCHED RIB(S) ¢ 0 1 0 0 O 1 o
FUSED RIB(S) 1 0 o0 o 1 0 0 ]
EXTRA VERTEBRA(E) 0 o0 1 1 0 o0 1 1
MISSING VERTEBRA(E) 0 1 1 0 0 1 1 0
TOTAL MALFORMATIONS
NUMBER WITH EXTERNAL MALFORMATIONS 2 ] 1 2 2 (1] 1 2
NUMBER WITH VISCERAL MALFORMATIONS 4 1 3 4 4 1 2 2
NUMBER WITH SKELETAL MALFORMATIONS 1 1 2 1 L | 2 1
TOTAL NUMBER WITH MALFORMATIONS 7 2 6 7 6 2 3 5
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Table VIL.8b

SUMMARY OF FETAL OBSERVATIONS - VARIATIONS

R e
NUMBER VISCERALLY ' g2 10 o1 105 189 4 14 14
ELONGATED LVER LOBEIS s 8 3 o s s 3 o
SMALL GALL BUAGORR oY Ty i
%mmmv 012 16. %1 1? 113 104 1: 1'4
ARY RIB(S) &S 73 55 81 M 14 14 14
mmﬂha : o o 1 10 0 :
W.OSS.HYDIDB@Y 0 o 1 0 0 o 1 0
INCOMP. OSS. PHALANGE(S) . 1 0 1 7 1t 0o 1 1
INCOMP. 0SS. STERNEBRA(E) 12 9 1 2 7A 7 5 9
INCOMP. OSS. VERTEBRA(E) 0 2 2 8 0o 2 1 3
MALALIGNED STERNEBRA(E) 1 0 o0 o 1 0 o 0
UNOSS. OLECRANON 1 2 0 1 1 2 0 1
UNOSS. PATELLA 12 19 12 13 5 7 [ 6
UNOSS. STERNEBRA(E) ——— 2 3 4 n 2 1 3 6
TOTAL VARIATIONS
WWEHWMVMMM 0 o0 o o ¢ o 0 (1)
NUMBER WITH VISCERAL VARIATIONS 17 19 18 18 7 0 9 7
NUMBER WITH SKELETAL VARIATIONS 85 73 _S7 61 14 12 14
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PERINATAL-POSTNATAL STUDY IN RATS (TA93-286, conducted by Abbott, GLP, Vol. 1.74).

1.

Jreatment

Female rats (24/group) were treated with 0 (vehicle), 4, 20, or 100 mg/kg, po, from Day
15 of pregnancy through Day 20 postpartum. Dams were observed for survival and overt
changes in behavior and appearance throughout the study and litters were evaluated for
postnatal survival and growth. The HD formulation sample assayed during the first week
was only 86.6% of the intendad conoentration, but a HD sample assayed during week 2
was 96.2% of theoretical, and this deviation was not thought to have any effact on the

" Strain: Sprague Dawley (Cr:CO®BR VAF/Plus)
Druglot#  77-558-AL

a) No dams died during the study. Decreased activity, rough coat, hunched posture,
and lethargy were reportedly abserved in HD females during treatment. These
dams were also reported to show poor nursing behavior, to which an increase in
pup mortality was atiributed; however, neither this nor other clinical observations
were documented in any way.

b) Maternal BW and BW gain during the gestational treatment period were
significantly decreased at the HD, while weight gain during lactation was
increased in this group. Food consumption was decreased during the gestational
treatment period in HD dams.

Parturition

a) There were no T-R differences in gestation length. Where observation was
possible, deliveries were noted to be unaffected by treatment history of the dam.
Litter size was comparabile bstween groups.

b) The number of stillbom pups was increased (D-R) in all treatment groups relative
to C (Table VIL.9). At the HD, this was largely due to 2 litters with 100 and 30%
litter loss. An additional 3 HD dams had lost their entire litters by PND 4. Pup
viability between birth and PND 4 was decreased (15%) in HD litters compared
to C (Table VI.10). There appeared to be a comrelation between matemal weight
gain deficit during gestation and decreased pup viability.

c) PupBWwasdgnlﬁcanﬂydoch(abmﬂW%hboﬂlms)hHDuttersat
birth (Table VIL11). This deficit had been made up by weaning (means similar on

’ PND 21), but some affected pups had died, and litters were culled on PND 4.

d) Pup necropsy findings were similar among C, LD, and MD groups; however,
several findings occurred only in HD litters. These included opacity in one eye and
mottiad lungs in 2 HD pups from 2 litters.
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Treatment Vehicle Tiagabine Dose (mg/kg)

o
E .3
S

100

24
24

%

i
|

24
‘ 24

1
§

555555%
i i

Eg |
]
Bolo-oi®
Boloaohy

55
3
Q
i
R
]

Gestation duration (days)* 21.57+051 21486£051 21742045 21.83 + 048
Livebomn g 1257+£0.51 1238+1.86 11.00+252 11.83 £ 3.07
Stillbom/dead Day 0 0.09 £ 0.29 0.21 £ 0.5 035z 0.57 063 1.79
Litter size 1287+169 1238+1.86 11.00+252 11.83 £ 3.07
*Tittér mean £ SU
Table VIL.10. Summary of Offspring Viability |
Abbott~70569 EC1
Lactatiem ' (o v)
Day 0 mg/kg/day 4 mg/kg/day 20 wg/kg/dsy 100 mg/kg/day
° 29.3% 20,40 97.0% 95,00 (Tp
29¢/296 297/302 255/263 284/293 —
am 26.9% TR 90.0% T
aes729¢ 2927297 asa/ass 23¢/384 -
7 200.0% 100.0% 100.0% 99,40 [ -
184/284 192/192 1797179 1887189 (e
14 100.0% 100.0% 100.08 29,48 (7]
10¢/18¢ 192/193 179/179 157/13¢ n—
a3 100.0% 100.0% 190.0% 100,.0% - w
18¢/18¢ 1937193 179/17 157/187 —
Motess ui Susmaxy statisties and results frem the statistical analysis were
° obkained using the jaekkmife precedurs. O
(a:u.qﬁ-;-n-mh-uaumummuuunm- O
Lastation Day & prier te litter reducties. -U
" Aborecrenes oy e...ﬁ.‘::‘.:.‘fi. aad the ..‘:::{‘:.."2“": o -y

T.0867 (=9.08/3) level of siguifionmes.
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Table Vil.11. Summary of Offspring Growth

! Nales en Lastatiem Day Fesnles on Lactation Day
! - Treatment Greup Statistie :
) a7 1 a1 ) aam 7 14 21
¥0: Abbott-70569 XL,  Meem €10  9.81 1577 33.56 SLE3  5.88. 9.3 15.16 31.06 so.es
[ ] .m’“ [ 4 . 0ed3 . 0.237 0.38 0.7 - .38 9.1 ¢ 0.320 .38 .60 0.98
21: 2bbott=70569 ECL, Nean €.38 10,10 16.15 33.06 53.90 .83 9.61 15.34 3i.¢8 se.83
& wg/kg/day axn 0.22 0.33 0.32 0.42 0o.73 Sl 0.3 03¢ o.¢8 .09
¥32:s 2bboki~70569 ECL, Nean - 6o43 10.83 16.73 33.33 $3.83 607  9.90 15.66 31.¢s £0.30
20 mg/ky/day ) am 0:13 0.27 038 0.60 095 0.0 .38 6.39 o.¢9 1.13
' t
3¢ Abbete=-70569 NC1, Mean $.430 9,13 15.18 31.56 S51.63  5.15¢ €.83  14.60 30.96 €9.55
100 mg/kg/day s 0.7 0.3 .36 089 0.7 023 0.33 . 036 .44 0.68

Netes: (1) Summary statistics and results from the statistieal snalysis were obtained weing the Sackinife
procedusre.
(2) mMwmmwumuwmmmuulumnuumam....
licter reductiem. .

(3) The M"‘hah-uol“m’lﬂ;twﬁl“mm-h—tmﬁatmemduh
siganificantly differeant frxom the eoutzel greup at the 0.0167 (=0.08/3) level of eigunificance.
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Viil. SUMMARY

PHARMACODYNAMICS

Tiagabine hydrochioride was characterized as a potent, specific GABA uptake inhibitor in a variety of brain
tissue preparations (IC50, 67 nM in synaptosomal membranes). it appeared to bind to a single class of high-
affinity binding sites associated with the GABA uptake carrier (without preference for glial or neuronal uptake
sites; carrier selectivity not defined) and lack significant affinity for other neurotransmitter receptor binding sites
and/or uptake sites (weak binding to BDZ and H1 receptors). In rat hippocampal slices, tiagabine prolonged
inhibitory postsynaptic potentials (IPSPs) and currents (IPSCs) produced by the addition of exogenous GABA,
prolonged the duration of monosynaptic IPSPs elicited by excitatory AA antagonists, and increased the decay
time constant of GABAA-mediated synaptic currents. Tiagabine was shown by in vivo microdialysis to increase
extracellular GABA overflow in several brain regions (including the substantia nigra) of awake rats, and this
effect appeared to correlate with the degree of anticonvuisant protection. Thus, it is thought that inhibition of
GABA uptake increases synaptic concentrations of this inhibitory neurotransmitter and that the resultant
facilitation of the action of GABA at its CNS receptors is responsible for the anticonvuisant effects of tiagabine.

The overall anficonvuisant profile of tiagabine in animal models is generally consistent with enhancement of
GABA-mediated neurotransmission (Table 1.1). In anticonvulsant screening studies, it was active against
DMCM:-induced clonic convuisions in mice (ED50: 0.8 mg/kg, ip; 3.4 mg/kg, po), sound-induced seizures in
DBA/2 mice (EDSO0: 0.4 mg/kg, ip, for tonic component) and GEPR rats (ED50: 11 and 30 mg/kg, ip, for tonic
and clonic components), and kindied seizures in rats (ED50: 3 mg/kg, ip) but was only partially effective
against sc PTZ-induced clonic seizures in mice (maximum of 65% inhibition; ED50: 1.3 mg/kg, ip) and photic
seizures in photosensitive baboons. Tiagabine produced a biphasic dose-response curve against DMCM- and
PTZ-induced clonic convuision, with attenuated effectiveness at higher doses. it had little efficacy against MES
(EDSO, 40 mg/kg, ip), and was not active in the iv PTZ seizure threshold test or against seizures induced by
bicuculline. In rodents, tiagabine produced behavioral neurotoxic effects, including decreased spontaneous
locomotor activity, impairment of motor function (Table 1.2), sedation, tremor, and myocionus, at multiples of
the anticonvulsant dose comparable to those for other AEDs (P!s ranged from 4.6 -14; Tables 1.3 and L.4).

Tiagabine administration to mice for up to 21 days (15 or 30 mg/kg, po, bid) did not produce significant
anticonvulsant tolerance (assessed against DMCM-induced seizures) but did result in some apparent
tolerance to sedative/motor-impairing effects. There were no signs of withdrawal after discontinuation of
treatment (no changes in PTZ seizure threshoid, body weight, or general behavioral observations). in another
tolerance study, repeated administration of tiagabine (2 mg/kg, ip, bid) to mice resulted in a significant
reduction in the anticonvulsant effect against iv PTZ after just 2 doses; however, there was an apparent
recovery of anticonvuisant efficacy during continued dosing, with full effectiveness retuming after 3 days and
being maintained for up to 8 days. The possible role of PK changes (ie, accumulation) in this effect was not
investigated. Cross tolerance with BDZs was aiso demonstrated in this study. Tiagabine (up to 30 mg/kg,ip)
did not substitute for direct or indirect BDZ agonists or amphetamine in drug discrimination testing in rats,
however, and was not seif-administered by rats. It did, however, show some ability to potentiate dopaminergic
function, as reflected in enhancement of methyiphenidate-induced gnawing in mice (ED50: 0.9 mg/kg, ip).
Tiagabine exhibited anaigesic and anxiolytic in rats and mice, and produced antiischemic effects in rats at high
doses (50 mg/kg, ip). Doses up to 30 mg/kg, po, did not affect the rat electrosncephalogram.

Administration of 10 mg/kg, iv, to rats produced a significant increase in blood pressure (maximal at 2-5 min,
recovery by 15 min). The hypertension was associated with a decrease in heart rate, suggesting that it may
have been due to increased peripheral vascular resistance. In anesthetized dogs on the other hand,
decreased vascular resistance and increased cardiac output were seen at a dose of 0.3 mg/kg,
intraduodenally (id). At a dose of 3 mg/kg, id, there were no significant CV changes, but respiratory rate was
markedly depressed, which interfered with interpretation of the CV effects at that dose. The reduction in
spontaneous respiration rate observed in isoflurane-anesthetized dogs was not seen in unanesthetized dogs,
suggesting a possible drug-drug interaction, aithough behavioral effects interfered with data collection in the
unanesthetized dogs. Tiagabine decreased gi motility in isolated guinea pig ileum in vitro (3 and 30 ug/mi) and
in mice in vivo (3 and 30 mg/kg, iv) and produced significant diuresis in rats (0.5 - 50 mg/kg, po).

61

AR

Ae e at ]



ADME (Table I1.1)
Absorption and Pharmacokinetics

Orally administered tiagabine appeared to be well absorbed in mice, rats, dogs, and humans. Bioavailability
was aiso high in mice (>85%) and humans (90%) but was lower in rats (25-30%) and dogs (50-55%).
Absorption was rapid, with peak plasma concentrations ususlly attained within the first hr after oral
administration of an aqueous solution (Tmax ~10 min in mice, 30 min in rats, and 1 hr in dogs). After iv
administration, the clearance in mice, rats, and dogs ranged from 0.8 to 3 L/hkg, but was at least 10-foid
slower in humans. The iv haif-lives exhibited similar species differences, averaging <1 hr in mice and dogs,
<2 brin rats, and 10 hr in humans. After oral administration, t1/2s averaged 3-8 hr in mice, 1-4.5 hr in rats,
and 1-2 hr in dogs. The oral half-life in healﬂmyvolunbonis7hrbnﬂisshortenedbapprmdmately 35hrin
comedicated patients; therefore, frequent dosing intervals may be required. Small, meal-related secondary
plasma level peaks, suggestive of enterohepatic recirculation, were seen in dogs and humans. Plasma
eonoentraﬁonsintatsinausedwm\dalydosingatadoseofaom. resuilting in Cmax values of 1.2, 1.9,
and 4.4 ug/mi and AUCs of 3.4, 5.8, and 8.1 ug-hr/ml after 1, 7, and 14 days, respectively. Apparent
bioavailability increased from 31 to 73%, but t1/2s and 24 hr (trough) concentrations did not change
appreciably with repeated dosing, suggesting that the increase in levels may have been due to increased
absorption or saturation of first-pass metabolism rather than accumulation. Levels also tended to increase
with duration of treatment in both the, rat and dog toxicity studies.

Protein Binding

The in vitro plasma protein binding of [14C]tiagabine was independent of concentration over a wide range
(0.01 to 10 ug/mi) and similar among species, averaging 89.3% in mice, 92.6% in rats, 91.6% in dogs, 90.8%
in rabbits, and 96.2% in humans. Tiagabine was bound to both human serum aibumin and alpha1-acid
glycoprotein, alﬁwghabunﬁwahemknmubhdhgpmﬁth&ngbdbuninwasnon-sammle
at therapeutically or toxicologically relevant concentrations, but was decreased at lower albumin
concentrations, in subjects with hepatic impairment, or by addition of salicylate, naproxen, or vaiproate, all
drugs that are extensively bound to albumin. Tiagabine did not affect protein binding of phenytoin,
carbamazepine, valiproate, or phenobarbital.

Distribution, Metabolism, and Elimination

The apparent volume of distribution was 1.41 in rats and 1.28 L/kg in dogs. Thirty minutes after administration
ofasingleoraldoseof[ﬂC]ﬁagabinebmts(IiOmmmwmmummrdogs(m mg/kg),
mehighestconwnntionsmbundinheexcretorym.w&ﬁssuetoplasmamﬁosofs-ﬁinmeﬁver
and 3 - 4 in the kidney. Leveis of radioactivity in most other tissues were similar to or lower than those in
plasma. The brain/plasma ratio in rats remained reiatively constant at 0.24, but in dogs, the ratio increased
fmnOAatSOminaﬁaradministnﬁontoththf.indbsﬁngaslwerelirrﬁnaﬁonﬁommebrainorslow
aummmmmmmmmmmumwmmmmms
(in pigmented rats and dogs), liver, and kidneys than from the plasma or other tissues. Levels of radioactivity
mmmeaddmmmmmmthmmmummmak
mnmnﬁmsmbﬂmhphsmmmTleﬁoofmnsauhn.andmdbhbel remained in
meseﬁssuesatlmuhvdsforatmamlm(hstmmmnthbhn.z).Thesponsorconcludedmat
m«mmmmmbmmmhmwemmmsmmmm
wmbmmmmemMawmqmwm,mmmdwmmmu
beestablishedfolbwingaslnglelawdm.mnputaddosing(ao mg/kg for 7 days) in rats (CD), tissue
radioactivity leveis were higher than the respective values after a single dose; however, thers was no
indieaﬁonofspeciﬁcaoumuaﬁonhanyofmeliuibdnm\berofﬁssmmmm(eyenotinduded). ie, TP
ratios did not change appreciably. Following oral administration of radiolabled tiagabine to pregnant or
lactating rats, fetal to matemal plasma ratios of 0.2-0.5 and milk to matemal plasma ratios of 0.8-1 were
found. :

The routes of excretion were similar across species. About 15% of the dose was excreted in the urine in mice
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and rats, compared to 25% in humans and dogs; the remainder was eliminated in the feces, presumabiy
through biliary secretion. Tiagabine appears to be extensively metabolized in the mouse, rat, dog, and human,
wimnormretmn1%ofmepammamgbehgemdinmeuMGfanyspedusmdbdaMmhﬁvelysmau
amounts of unchanged drug found in feces. The metabolic pathways of tiagabine have been only partially
elucidated(mFlgIl.1).Mnnjwpaﬂmaybmmmimdvembphmﬁngoxidaﬁontofomgeomem

the oxo-thiclene isomers were further metaboiized, either by hydroxylation of the methyl group or by
conjugation with glucuronic acid. Soxo-ﬁagabimwasfoundtobemmajormenbolite in the plasma and
uﬁneofmtsanddogs(mepm:atyspedesbrmddtywng)asweluhumItaoeounbdforabothO%
of the urinary radioactivity in rats, 35% in dogs, 60% in humans, comresponding to 8-16% of the dose in all
mmsmda,unwaammwmmmeme.mmm“mhavalittleinvitmacﬁvity
as a GABA uptake inhibitor. Pronounmdspeciosdmmnmhmboenobuwedinmebﬂiarymeubolites
oftheratanddog.Thgabmegmwmnidebmemajormwuhmebibofﬂmanesmwzeddog.whereas
glutahioneeonjugatesofﬁagabhe(oranoﬁdizadmehbolita)appwtobememjorcomponentsofratbile.

Pretreatment of rats with oral doses of tiagabine (200 mg/kg for 14 days) led to increased liver weights,
without concomitant changes in body weight, in both sexes, and produced up to a 15-fold increase in
Cytochrome P450 2B-mediated 7-pentoxyresorufin )-dealkylase activity. Thus, tiagabine appears to be a Pb-
typehduw.a!moughmemsponsasmlessmmedmanmmdidhdby%. In vitro studies with hepatic

oxidative metabolism, the in vitro rate of glucuronidation was greatest with microsomes from dog liver, with
decreasing rates in rats and humans; glucuronidation was not detected with mouse microsomes under similar
incubation conditions. Studies with human hepatic microsomes indicated that members of the cytochrome
P450 3A subfamily were primarily responsible for the oxidative metabolism of tiagabine, including the
formation of 5-oxo-tiagabine.

Toxicokinetics

Tngabinewnoenﬁaﬁommedwimdoseoverawidemgoofdosesinanspodessmdied.('rabhll.s).
Atmdbrgmawmmdowpmomondhamesmmbdhm.wm.mdmﬁwmgs.
Ratsanddog:disphyodsoxmmdiﬂenneainplasmconunmﬁons(u<n. AUCs tended to increase
with duration of dosing in rats and dogs. Formpadsonwimmeﬁagabunuonoenmﬁonshmeanm
mmmmmmmmmmmmmmwmmmmwo.as
ug/mi and the AUC,, was approximately 3.1 ug-hr/mi at the highest dose studied (80 mg/day). Healthy
subjects displayed a Cmax value of 0.24 ug/mi and an AUC of approximately 3.6 ug-hr/mi, at 12 mg tid.

Mice: In 3-month and 2-year oral (gavage) toxicity studies, the 1-hr plasma concentrations increased with
increasing dosage and did not exhibit any consistent duration- or sex-related differences. Increases appeared
to be dose-proportional between 10 (0-1.4 ug/ml, mean=0.62 ug/mi) and 100 (6.3-9.7 ug/mi, mean=7.5 ug/mi),
but were less than dose-proportional at the higher doses (eg, 7.9-13.8 ug/mi, mean=10.4 at 250 mg/kg and
20-22 ug/mi at 1000 mg/kg). It is possible that the lack of proportionality in 1-hr concentrations resulted from
protracted absorption at the higher doses, but a complete plasma concentration vs time profile was not
determined. The 1-hr tiagabine concentrations in the 2-year carcinogenicity study ranged from about 2-fold
to 30-foid the mean steady-state Cmax in patients getting 20 mg qid (0.33 ug/mi),
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Rats: Sexﬁbteddiﬁemncesinphsmabvebmseminmemtomlmddtymu.mewemu mean AUC

values from the 10, 30, 100, and 200 mg/kg dose groups in the 2-year carcinogenicity study were up to 2.4

times higher in female (2.0, 16.0, 99.4, and 212.0 ug-h/mi, respectively) than in male rats (2.9, 8.9, 62.2, and
levels j

increase with duration of dosing, parﬁwlariyinmles.PlasrmbvebMawhgomladminisbaﬁontapregnam
rats were variable, but the mean Cmax (0.17, 3.05, 10.8 ug/mi) and AUC (0.94, 12.9, and 81.5 ug-h/mi) values
were comparabie to those in non-pregnant rats. Concentmﬂonsino.shrsamplesfromimmamreratswere
also consistent with those measured in aduits. C::n\parodtom“ﬁmatedmady-state AUC values of 3.1
ug-hlmlinmducodpaﬁenhands.sugwwmmﬁnducadwbjechmeﬁvhngMmumdosesof
: ﬁagabine,meanAUCvaluesmeZ-yrthymsinihrlHOWkg.lbo::tz.stoS-foldgmateratso
mg/kg, 15to30-foldgmtarat100mglkg.and25to70-foldgmabrat200mlkg.

dose-proporﬁonalinmaleq.Themanﬂnaboappeamdtobelmgantwmgng(2-2.3hr)thanat2 mg/kg
(1.3-1.4 hr). Together, these suggest that one or more elimination pathways in dogs might become saturated
athigherdoses.Asinmts.AUCstandedtoimaasewimduraﬁonofdosing. At doses higher than 10 mg/kg,
sexdmmncesbeeammmpmnomeod.wimhighumhmmanhm Exposure in dogs was
lower than the estimated exposures in patients at doses of 0.5 (<10%), 2 (30-35%), and 5 mg/kg (65-75%),
but was about 1.5-fold greater at 10 mg/kg and about 7-fold greater at 40 mg/kg.

JOXICOLOGY
Acute toxicity

Mice: Clinical signs following oral administration to mice inciuded decreased activity, ataxia, nystagmus,
mydriasis, decreased rectal tsmperature, increased paw temperature, and an absent pain reaction at doses
of 20 mg/kg or more, with myoclonic convulsions, head drop, tremor upon handling, ptosis, and decreased
respiration seen at 100 mg/kg or more. 100%monalitywaobwvadatdosaof1000mglkgornm(500
mgkg<w50<10mmym0dmwmmnywamammeadmumdimased
GABA activity in the CNS. Convulsbnsmaparado:dcalnaeﬁmuenwmmighdosuofGABAagonistsor
other anticonvuisants. Hypothalamic temperature reguiation aiso appears to be modulated by GABA.

mg/kg died within 2 hr of dosing. No other animals died during the subsequent 14-day obseqvation period.
NecmpsyshwedmgmsschangaamubdbmmmThehemamﬂamnpﬁnaﬁWaMOmQRQ
gmahrmshougMbbedmbhundyﬁcmuﬁudﬂndmgdhlghhﬂvmmdosu.whichmuunot
beexpectedtobeaproblunatmﬂapeuﬂc.omldosa.

Rats: Ratswembssundﬁvobmmmoﬂacuofﬂwmmanmbo. Clinical signs consisting of
deamedacﬂvwmmumsmhmgwwdaudwmmhw.whibwmm

than males. Bmmmmmmmmmammmmm.mﬁwamb
wmmmamwmmmmmwmmwzmmm
BWgainocwmdavermecouruofmu—dayobservaﬁonpuiod.Mortalitywasonlyobservedatme HD.

Rats dosed iv with 10b75ntgﬂcgﬁagabineeﬂ1ibmddmawvi!y.am myocionus, hematuria and
cyanosis of the tail vein, Myodonuswaseminupm:d:mblyhalfofhembhhehnohigheﬁdosegmups
(50 and 75 mg/kg). One HDmtdiethraftordosing. but there were no other deaths. Thers were no
significant effects on BW or BW gain. Necropsies revealed only chronic obstructive phiebitis in the tail veins
of rats administered tiagabine. :
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Muitidose toxicity

Mice: A 13-week dose range-finding study was conducted in CD-1 mice (10/sex/group) with oral (gavage)
doses of 0 (HPMC vehicle), 50, 100, 250, and 400 mg/kg of tiagabine. The LD was increased to 600 mg/kg
onDayzsandlhe100mg/kgdosewuhaaasedb1000mglkgonbay50becausemb:ddtywasobsuved
at the lower doses. All mice were necropsied at the same time, approximately 3 months after initiation of
treatment. increased mortality was observed at the 3 highest doses: 1, 1, 1,7, 12, and 17 mice died at 0, 50,
250, 400, 600, or 1000 mg/kg, respectively. T-R clinical signs were seen primarily at 400, 600, and 1000
mg/kg and consisted of ataxia, hypoactivity, and dyspnea. BW gain and food consumption were decreased

adrenal cortex was observed with an increased incidence in females in the 400 and 10071000 mg/kg groups.
The apparent lack of dose response relationships was probably due to the dose adjustments and high
mortality. Increased liver weights and enzyme activities presumably reflected the induction of hepatic
microsomal drug metabolizing enzymes, which was demonstrated in a 2 week (ADME) study in mice. Mean
plasma concentrations on day 87 were 9019, 8801, 17578, and 20005 ng/mi for males and 10671, 9653,
16069, and 22558 ng/mi for females at doses of 250, 400, 600, and 1000 mg/kg, respectively.

HD tested); however, interpretation of this finding was confounded by the fact that blood was collected for
hematological analysis by retro-orbital puncture from the right eye prior to neurological testing. The sponsor
a&ibutedﬁeeﬁectsbhaumﬂunuoodcdbcﬁonandmehigherinddmhmm mice was considered
coincidental. Ophthalmoscopic and histopathological exams revealed no structural changes in the eye or
nervous system (but it is not clear that histopathology exams included all relevant structures, such as those
in the midbrain). The changes may have represented an acute nervous system effect (affecting afferent
pathways, since the consensual reflex was also affected), but the time of testing with respect to dosing was
not given, and this finding was not further investigated. Decreased erythrocyte parameters (females) and
increased prothrombin times (2 males) were seen in rats from the HD group. Alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, urea, cholesterol, total protein, and albumin levels were
somewnhat elevated in treated animais, primarily in HD males and females, consistent with effects on the liver.
increased urine volume and a dark coloration of the urine were seen in HD rats (tiagabine was ghown to have
diuretic effects in pharmacology studies). Liver weights were increased in MD animais, and liver, kidney, and
thyroid weights were increased in the HD group. Gaseous distention of the gi tract was observed in MD and
HD rats; the majority of animais with this finding had died or were killed prematurely. Pulmonary congestion,
hemorrhage, aiveolar flooding, and alveolar macrophage aggregates were found in HD animais that died or
wemsaaiﬂeedduﬁngmesmdy(nwasstmgmdmatmbymphﬁonandpulmw histopathological
changes may have resulted from distended gut pushing against diaphragm). 2/5 HD males that died during
the study had gastric lesions associated with ulceration. D-R hepatocyte

527, 1308, and 3236 ng/mi in LD, MD, and HD males, respectively, and 823, 5444, and 11801 ng/ml in
corresponding females. The NOAEL in this study was 25 mg/kg.

A 6-month study was conducted in CD rats (20/sex/group) with oral (gavage) doses of 0 (water vehicle), 10,
30, and 100mglkg.ThmmmT—Reﬁniedsigm.eﬁecuonnany.drdmmnmh BW gain, indicating
ﬂ\atdoseselectionmayhavebunhappmprhte(HDofzmmuudhwdnogenidlyMy).Themm
no toxicologically signmcamhumbbgulwumwmmangu.mgwmwmﬂ.amabunﬁnm
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increased in HD rats, as seen in the 3-month study, but liver enzymes were decreased somewhat. Slightly
decreasedsemmK’seenhHDmbscouldhavebegnduetomediureﬁceﬂactobservedinomerstudies.
Gaseous distention, increased liver weights, and minirial hepatoceilular hypertrophy were seen in some HD
females. Conjunctivitis (2 MDM, 1 MDF, 1 HDF), focal retinopathy (1 CM, 3 MDM, 5§ HDM, 1 HDF), and retinal
degeneration (1 MDF) were found primarily in MD and HD rats during ophthalmoscopic exams at 6 months.
These were considered to be infectious in origin rather than T-R by the ophthalmologist. No ocular
abnommalities were noted in the HD recovery group, and the only microscopic finding was retinal dystrophy
in 1 HD male. In addition, mT-Reffectsonmeraﬁnammnhmz-ywratsmdyatdoses up to 200
mg/kg. 30 mg/kg was the NOAEL in this study.

volumes, Hb concentrations, and erythrocyte counts (thought by sponsor to be due to hemoconcentration
mmmmmm)WaMdmhmmlmmmpmﬁnﬁmwmmnat
the HD. Elevated serum cholesterol (up to 200% of C), glucose (slight), and potassium and decreased urine
volume were also noted in treated dogs.

Four groups of beagle dogs (4/sex/group) were given oral (capsule) doses of 0, 5, 10, or 20/15 mag/kg for 14
weeks (HD reduced after 7 days due to severs loss of appetite). Clinical signs were observed with a D-R
incidence in treated dogs and consisted of insensibility, prostration, stupor, tremors, ataxia, and apparent
visual impairment. The latter was described as a lack of awareness of objects, failure to fix on and follow a
moving object, or absence of a blink reaction. The most notable sign was said to be marked and persistent
sedaﬁon.whichwasseeninaﬂhuabdgmupsﬁomhﬁmtday.mmmpuonsatgenemuy ithin 30 min, and

apparent visual impairment and ataxia sometimes p'receded, followed, or alternated with the state of sleep.
The apparent visual impairment was not associated with any structural abnormality and was considered to
be of central origin. Emesis and salivation were also seen in MD and HD animals, oonyulsﬁons were seen on

bioavailability with dosing (unexplained). Mean plasma AUCs + SD
at week 12 were 2527, 6077, and 5483 ng-hr/mi for males and 2547, 6478, and 10904 ng-hr/ml for females
at the LD, MD, and HD, respectively.

Tiagabine was administered po (capsules) to beagie dogs (4/sex/group) at dose levels of 0,0.5, 2, and 10
mg/kg/day for 6 months. AnaddiﬁonalZluxmhdudodhheCaﬂHDmbrwaluaﬁonofmwmy.
Recumbency, sedation, irregular galt, tremors, salivation, increased respiration, spontaneous vocalizations,
lack of awareness/responsiveness, and absence of the blinking and pinch reflexes were noted in treated
animals, primarily at the HD. Signs were most frequent and severe during the first 4 weeks of treatment but
continued to be observed throughout the study. All animals survived to termination. BW gain and food
consumption were decreased in HD dogs only during the first week. No changes in hematologic, clinical
chemistry, or urinalysis values were noted. Ophthalmoscopic exams revealed no T-R ocular abnormalities.
At terminal sacrifice, adrenal and testes weights were increased (fairly uniformly) in treated males (30% and
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20%, respectively, at HD). Weights of both organs were similar between the treated (HD) and C recovery
animals. Prostate weights appeared to be dose-dependently decreased in treated males (30% at HD) after
6 months but were higher in treated recovery males compared to C. Ovarian weights were decreased in
treated females compared to C at 6 months (40% at HD) but were similar between the recovery animals.
There were no correlating gross or microscopic observations. Microscopic examinations of the brain and
spinal cord revealed no remarkable findings. Cmax and AUC values were dose-related and tended to be
slightly higher in females than males. There was a statistically significant difference between dose-adjusted
AUC values at 0.5 and 10 mg/kg in male dogs. and a significantly lower elimination rate constant at the HD
in both sexes, suggesting that one or more elimination pathways for tiagabine may become saturated with
increasing doses. The NOAEL was considered by the sponsor to be 2 mg/kg, aithough some clinical signs
were transiently observed at this dose. '

Groups of 5 beagle dogs/sex received doses of 0, 0.5, 2, or 10 mg/kg for 12 months. There were no deaths
in the study. T-R clinical signs consisted of hypoactivity, ataxia and prastration (described as frequent and
severe at HD), as well as tremors, emesis, salivation, decreased defecation and urination, and ocular
discharge, all seen primarily in MD and HD dogs. BW gain and food consumption were decreased in HD
animals during the first few weeks of treatment, but final BWs were similar among groups. No T-R ECG
abnormalities were observed, but ophthaimological examination revealed what appeared to be a D-R increase
in cataracts (anterior suture opacities). Since similar opacities were seen in controls and have been reported
in other recent studies in the same facility, one consuitant ophthaimologist concluded that the condition was
probably not directly caused by the drug but could have been exacerbated by treatment (final incidences were
similar among groups, but onset appeared to be accelerated by treatment; Table I11.4-5). Erythroid parameters
tended to be reduced and WBCs increased in MD and HD dogs. Myeloid/erythroid ratios in the bone marrow
smear performed post mortem were slightly elevated in some treatment groups, indicating possible effects
on erythrogenesis. Alkaline phosphatase was slightly increased in treated females at some measurement
times and glucose appeared to be increased somewhat in treated males. Decreases in ovarian (50% at HD)
and uterine (60% at HD) weights were seen in treated females. Microscopic findings that occurred with
increased, but not clearly D-R, frequencies in treated dogs included inflammatory changes in the lungs, thyroid
C-cell hyperplasia, lymphocyte infiltration of the prostate, and uterine hyperplasia. On day 364, Cmax values
were 40.6, 257.1, and 827.9 ng/mi for LD, MD, and HD males, respectively; corresponding female values were
58.4, 99.5, and 992 4 ng/mi. AUC values were 192.3, 1308.3, and 7103.1 ng-hr/mi for males and 249.1, 591.2,
and 6379.8 ng-hr/mi for females in the LD, MD, and HD groups, respectively. There was no evidence of sex-
related PK differences in this study.

CARCINOGENICITY

Mice: CD-1 mice (70/sex/group) were dosed with 0 (C A), 0 (C B), 10, 30, 100, or 250 mg/kg, by gavage, for
2 years (99 weeks at HD due to high mortality). Satellite groups (25/sex/group) were dosed for plasma drug
bvdanawsis.TheHDwubasedmmaMofmmwmg&ﬁndth(dmd BW gain
and hepatotoxicity at 250 mg/kg). In the 2-year study, survival was significantly decreased in HD males (84%
mmmy)ammﬂ4%)wnwedbC(5167%),andeMMsigniﬁcant D-R increases
mmmuwmrbom:m.NthHDMMymyhmbemmm.hdusbndmeMHD.whidmm
criteria for a MTD (BW and toxicity), provided adequate numbers for assessment of carcinogenicity. Deaths
attributed to gavage error were increased at the 2 highest doses, which aiso produced clinical signs of
mumﬁdw.BWsmdmdeMhhuMQmupsmpamdbCﬁsmdm%wow
CAin100mglkggmupnulumm.mmcﬂvem.1hemmmD-Rdtmgumwpabbmsses.
Atnecmpsy.gmousdbhnﬁonofhegihdmnobdinﬂDmhsandhmbs,andcongesﬁmandor
mddiscobmﬁonofhphmmfmﬂhmbaofboﬁsemmmzmghutdosogmups.pﬁmarilymose
that died during the study. Microscopic examination revealed increased incidences of hepatoceliular
hypertrophy ( 27/70, 26/70, 40/70, 48/70, and 67/70 males and 4/70, 12/70, 11/70, 26/70, and 49/70 females
. administered 0, 10, 30, 100, and 250 mg/kg, respectively) and vacuolization (1/70, 0/70, 2/70, 3/70, and 9/70

males and 3/70, 1/70, 1/70, 1/70, and 8/70 females receiving 0, 10, 30, 100, or 250 mg/kg, respectively) at
the 2 highest doses. :

There were no statistically significant increases in tumor incidence in the sponsor's or FDA (HFD-710)
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statistical reviewer's analysis of all groups. Since high mortality and the slightly shorter treatment period could
have affected tumor incidence rates in the HD group, separate analyses were aiso performed without this
group. There were again no statistically significant tumor trends in the sponsor's analysis, but the more
conservative FDA analysis found a significant trend for alveclar bronchiolar carcinoma of the lung in males
when the HD was exciuded (0, 2.9, 4.3, 5.7, and 1.4 % at 0, 10, 30, 100, and 250 mg/kg, respectively; Table
IV.3). There was no significant difference in the pairwiss comparison between MHD (4/70) and C (0/70) males
for this tumor, however, and no other significant trends were found among males in the FDA analysis. The
incidence of alveolar bronchiolar carcinoma aiso appeared to be increased in treated females, but there was
no dose relationship (1.4, 7.1, 4.3, 2.8, and 5.7 % at 0, 10, 30, 100, and 250 mg/kg, respectively; Table IV.3);
and no significant trend was observed for this or other tumor types in females. Incidences of alveolar
bronchiolar carcinoma in tiagabine-treated mice were all within historical control ranges for CD mice in 2-year
studies(M:1.9-20%, F:0-13.5%). At 12 months, the mean plasma tiagabine levels were 1382, 4055, 6467, and
10598 ng/mi in males and 1113, 3218, 6821, and 7887 ng/ml in females from the 10, 30, 100, and 250 mg/kg
dose groups, respectively.

Rats: CD rats (70/sex/group) received oral (gavage) doses of 0 (C A), 0 (C B), 10, 30, 100, or 200 mg/kg for
2 years (101 weeks at HD). Sateliite groups (25/sex/group) were treated with the same doses for drug level
determinations only. Dose selection was based on the 3- and 6-month toxicity studies, in which clinical signs
and gi (gaseous distention, uiceration) and liver (increased weights, hepatoceliular hypertrophy) toxicity were
observed at 100 mg/kg or greater and mortality was increased at 400 mg/kg. In the carcinogenicity study,
increased salivation was noted at the 2 highest doses, survival was significantly decreased in HD males and
females (84 and 81% mortality, respectively) and in 100 mg/kg females (73%) compared to C A (67 and 61%
in males and females, respectively), and BWs were significantly lower in males from the 2 highest dose
groups (16 and 15% below C A at 100 and 200 mg/kg, respectively) and in HD females (17% below C A).
There were no T-R changes in palpable masses. Hematological findings suggestive of hemolytic effects
(decreased erythrocyte parameters, reticulocytosis, and changes in erythrocyte appearance) were variably
observed at the 3 highest doses, but these were not pronounced. Non-neoplastic findings at necropsy inciuded
increased incidences of pulmonary alveolar macrophages, pulmonary inflammation, and edema at 100 and
200 mg/kg in both sexes, inflammation of the trachea in HD animals, slight increases in keratitis in some
treated males, and a small increase in hepatocellular hypertrophy in females receiving the 2 highest doses
(2770 and 4/70 at 100 and 200 mg/kg, respectively, vs 0/140 in C).

Liver tumors appeared to be increased by tiagabine treatment in female rats (Table IV.8). The sponsor’s
statistical analysis showed a significant increase in the incidence of hepatoceliular adenoma in HD females
(7/70), together with a positive D-R trend for adenomas in females, and a significantly increased combined
incidence of hepatoceliular adenoma and carcinoma in both HD males (4/70) and females (8/70) compared
to C A (M: 0/70 combined, F: 1/70 combined - adenoma). However, incidences of hepatocellular adenoma
and carcinoma in HD males (2/70 for each) were similar to those in C B males (1/70 adenoma, 2/70
carcinoma; not included in statistical analysis) and were within the study facility’s historical control ranges for
males (adenoma: 1.3-10%; carcinoma: 1.7-6%). The incidence of adenoma in HD females was outside the
historical control range (0.77 - 3.33%), but the rate of carcinoma (1/70) was not increased (control range: 0-
1.7%). The incidence of Leydig cell tumors of the testes was increased in tiagabine-treated males (Table
IV.8). In the sponsor's analysis, there was a significant trend for Leydig cell tumors to increase with dose, and
the incidence of this tumor in the HD group (7/70) was significantly increased and outside the historical control
range (1.67 -6%). The FDA statistical reviewer also found significant positive trends for Leydig cell tumors in
males and for hepatoceliular adenomas in females (no paired comparisons were performed). At 12 months,
the mean AUC values were 2.2, 5.1, 46, and 83.7 ug-hr/mi for males and 1.9, 17.9, 128.9, and 266.3 ug-hr/mi
for females in the 1Q, 30, 100, and 200 mg/kg groups, respectively. (In patients with epilepsy, the 24-hr
systemic plasma exposure (AUC) of tiagabine has been determined to be approximately 3.1 ug-hr/ml at the
highest recommended clinical dosage of 80 mg/day).

GENETIC TOXICITY )

In vitro, no significant increases in revertant colonies occurred following exposure of Saimonella typhimurium
strains TA 98, TA 100, TA 1535, and TA 1537 or E coli strain WP2 uvrA to tiagabine; however, equivocal
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effects on mutation frequency at the HGPRT locus in V79 Chinese hamster lung cells were seen, and
tiagabine was positive in a chromosome aberration test structural chromosome aberration frequency
(primarily chromatid breaks) in human lymphocytes was increased by exposure to tiagabine concentrations
of 200 ug/mi (cytotoxic concentration) in the absence of metabolic activation (Tabie V1.1 and V1.2). No
significant differences in micronucleus formation were detected in mice given single po doses of up to 250
mg/kg, and there were no increases in unscheduled DNA synthesis in rat primary hepatocytes cultured in vitro
following in vivo administration of tiagabine doses up to 1200 mg/kg. All genotoxicity assays appeared valid
according to established criteria.

REPRODUCTIVE TOXICITY
Segment | (male and female)

CD rats (42/sex/grp) were dosed with 0, 4, 20, or 100 mg/kg, by oral gavage, for 70 (males) or 28 days
(females) prior to mating, throughout mating, and until sacrifice. Females were either sacrificed on Day 20 of
gestation (22 dams) or following weaning on postnatal Day 21, and males were sacrificed after the last female
had been sacrificed. No T-R mortalities occurred during the study. T-R clinical signs observed in HD animals
during dosing included rales, nasal discharge, rough coat and piloerection. Significant decreases in BW (7%),
BW gain (15%), and food consumption were observed in HD males during the dosing period. BW gain was
significantly decreased (13%) in HD females during the gestational dosing period. There were no group
differences in mating or fertility indices.

At C-section, small increases in postimplantation loss were seen in MD (7% vs 3% in C) and HD (9%) group
dams, but values were within the historical control range. Fetal BWs were only slightly decreased at the MD
and HD. Total incidences of fetal malformations and variations wers comparable among groups (1, 2, 1, and
2 malformed fetuses in C, LD, MD, and HD groups). The malformations were: cleft palate (1 HD fetus),
anophthaimia and/or microphthaimia (2, 1, and 1 affected fetuses at LD, MD, and HD), hydrocephaly (1 MD),
brachydactyly (1 HD), and umbilical hernia (1 C). Incidences of unossified or malaligned stemebrae were
increased in all treated groups, but not in a dose-related manner (possibly due to intrauterine deaths at MD
and HD).

There were no significant treatment-related effects on reproductive parameters in dams allowed to deliver,
but pup viability on Day 4 was significantly decreased at the HD, and pup weights during lactation were
decreased in the HD group compared to C. There were no group differences in litter retrieval. The HD group
weight deficit persisted following weaning until study termination, and statistical significance was reached
between weeks 15 and 21 in HD males. There were slight delays in the acquisition of developmental
landmarks at the MD and HD, usually limited to 1 day in 1 or 2 pups/group. An effect on open field behavior
was observed when offspring were tested at between 35and45daysofage. Treated pups, grimarily in the
HD group, were generally less active in this test than controls, ie, center square latency was increased,
squares entered decreased (significant for HD males), and rearing was decreased. The effect was seen in
both sexes but was fairly small and the individual data were variable (the HD male effect was attributed to 1
pup that remained in the center square throughout the test). There were no effects on a multiple T-maze test
of leaming and memory. There were no T-R differences in the fertility or reproductive capabilities of F1
animais. F2 parameters were comparable among groups.

Segment il (rat)

Mated CD rats (25/group) were treated with 0, 4, 20, or 100 mg/kg, by gavage, on gestation Days 6 through
17, and C-sections were performed on gestation Day 20. There were no matemnal deaths. A low incidence of
rales and ocular and nasal discharge was observed at the HD only. Matemal BW gain during dosing (GDs
6-18)wasdemasedatmeHD(10%)andeomctedgestauoml gain (matemal BW less gravid uterine
weight) was even lower in this group compared to C (28% over GDs 6-20). Gravid uterine weights were
increased in the MD and HD groups due to larger litter sizes. Matermnal Cmax values on gestation day 15 were
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174, 3050, and 10841 ng/mi in LD, MD, and HD dams, respectively.

At C-section, implantation sites were significantly increased in MD and HD dams, probably reflecting an
unusually low number of implants in the C group. Resorptions were slightly increased and mean fetal BWs
slightly decreased (5%) in HD litters. The overall maiformation rate was markedly increased in the HD group
(07191 (0/22), 17225 (1/22), (/197 (0/18), 9/221 (7/20) affected fetuses (litters) in C, LD, MD, and HD groups,
respectively, about 3 -10-fold historical control frequencies for total malformations during the same period;
Table Vil.5a), with a variety of external and visceral malformations (craniofacial, limb, CNS and
cardiovascular) found only in HD litters: one litter contained a fetus with microcephaly, hydrocephaius,
agnathia, astomia, anophthaimia, and a proboscis (rhinocephalus) and another with agnathia, aglossia, and
an encephalocele; a second litter had one fetus with a threadlike vestigial tail, umbilical hemia, clubbed
hindlimbs, and generalized edema and another with open eye; and fetuses with missing tail (acaudia), open
eye, situs inversus (2), and puimonary stenosis were each found in separate litters. An increased number of
pale fetuses were found in HD litters, but there were no other apparent group differences in incidences of
variations. Despite the HD malformations, the sponsor concluded that because of their "diverse nature" and
the failure to find an increase in malformations in the segment | or a dose range-finding study, "there is no
compelling evidence to conciude that they were directly related to treatment with tiagabine.” However,
exposure to teratogens in a segment il study often results in a spectrum of malformations, reflecting treatment
throughout organogenesis; higher doses are often needed in segment | than in segment 1l studies because
of the longer treatment period; and the dose range-finding study was apparently conducted with 2-4
dams/group and limited fetal examinations.

Segment Il (rabbit)

Mated NZW rabbits (20/group) were dosed orally (gavage) with 0, 1, 5, or 25 mg/kg on gestation days 6 to
19. An addmonalﬂgmupmlnatedfordmg level determination. C-sections were performed on Day 29 of
gestation. No T-R clinical signs were observed. Reduced BW gain during dosing was seen in HD animals
compared to C. Food consumption was also decreased at the HD. Mean matsmal plasma levels on Day 19
were 82, 631, and 3631 ng/ml in LD, MD, and HD does.

The numbers of corpora lutea, implantation sites, and live and dead fetuses were comparable across groups;
however, resorptions were increased at the HD (litter mean of 1.0 vs 0.15 in C) and fetal weights were slightly
decreased (3% less than C) in HD female offspring. incidences of specific visceral abnormalities (galibladder
agenesis - often considered a variation - in 4/105 fetuses and 3/14 litters; control range: 0-3.7% fetuses, 0-
14% litters) and skeletal variations (incompletely or unossified phalanges, vertebrae, and stemebrae) were
increased in HD litters (Tables VIL.B).

Segment Ili )

Female rats (24/group) were treated with 0 (vehicle), 4, 20, or 100 mg/kg, po, from Day 15 of pregnancy
through Day 20 postpartum. Dams were observed for survival and overt changes in behavior and appearance
throughout the study and litters were evaluated for postnatal survival and growth.

Maternal BW and BW gain during the gestational treatment period were significantly decreased at the HD.
There were no differences in gestation length, and litter sizes were comparable between groups. There was
a D-R increase in stilbom pups in treatment groups reiative to C (Table VIL.8). At the HD, this was largely due
to 2 litters with 100 and 30% litter loss. An additional 3 HD dams had lost their entire litters by PND 4. Pup
viability between birth and PND 4 was decreased (15%) in HD litters compared to C. There appeared to be
a correlation between matermnal weight gain deficit during gestation and decreased pup viability. Pup BW was
significantly decreased (about 10% in both sexes) in HD litters at birth. This deficit had been made up by
weaning (means simiiar on PND 21), but some affected pups had died, and litters were culled on PND 4. Pup
necropsy findings were similar among C, LD, and MD groups; however, several findings occurred only in HD
litters. These included ocular opacity and mottied lungs in 2 HD pups from 2 litters.
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IX. EVALUATION

Pharmacology. Drugs that enhance central inhibitory (primarily GABAergic) neurotransmission should,
theoretically, be useful in the treatment of epllepsy. One strategy for facilitating GABA-mediated function in
the CNS is to increase synaptic concentrations of GABA by blocking its active reuptake into nerve terminals
via a high-affinity, sodium dependent transport system. This process can be inhibited by cyclic amino acids
such as nipecotic acid and guvacine, but these compounds do not readily cross the blood-brain barrier.
Tiagabine was the most promising in a series of lipophilic nipecotic acid derivatives developed by Novo
Nordisk, and pharmacological data suggest that it is a potent, specific, and bioavaitable inhibitor of GABA
uptake into neurons and gfia in the CNS. Such a mechanism has the potential advantage, relative to direct-
acting agonists, of enhancing only the effects of endogenously released GABA, which might be expected to
preserve physiological specificity and limit side effects; and unlike the GABA aminotransferase inhibitor
vigabatrin, tiagabine's action is reversible (there was no evidence of intramyelinic edema in animal toxicology
studies of tiagabine). In addition, tiagabine appears to be bettsr tolerated clinically than previously assessed
GABA uptake inhibitors such as CI-968 (Parke-Davis), a guvacine derivative. In the initial single dose trial in
healthy volunteers, this compound caused severe psychiatric and neurological side effects, inciuding psychotic
symptoms, mania, memory impairment, tremor, myocionus, and parkinsonian-like symptoms, that forced the
termination of clinical studies (Sedman et al, Drug Dev Res 21:235-242,'90).

The anticonvuisant profile of tiagabine in animal modeis is generally consistent with enhancement of GABA-
mediated neurotransmission and would predict therapeutic potential for partial and generalized tonic-clohic
seizures. Despite its higher in vitro affinity for the GABA uptake site than CI-966 (IC50: 67 nM vs 0.3 uM),
tiagabine was somewhat less potent in blocking PTZ-induced clonic seizures in mice (po ED50: 6.8 mg/kg
. v8 0.4-1 mg/kg), suggesting that it may less effectively penetrate the BBB (Rogawski and Porter, Pharmacol
Rev 42:223-286,'80). In addition to its (partial) activity against sc PTZ-induced clonic seizures (ip ED50:1.3
mg/kg in mice, but maximum of 85% protection), iagabine was active against clonic seizures induced by the
BDZ inverse agonist DMCM in mice (0.8 mg/kg), biocked audiogenic seizures in DBA/2 mice (0.4 mg/kg) and
GEPR rats (11 mg/kg), and was effective against amygdala-kindied seizures in rats (3 mg/kg). Tiagabine had
litle efficacy against MES in rats (ED50: 40 mg/kg, ip) and was not active in the iv PTZ seizure threshold test
or against seizures induced by bicuculline, which is unlike BDZs but like some other agents that act by
enhancing GABAergic neurotransmission (eg, VGB, THIP, progabide, CI-966). Tiagabine only partially
suppresced photic seizures in baboons at doses (1 mg/kg, iv) associated with neurological side effects
(impaired motor coordination, diffuse tremor, and slow abnormal movements of the limbs). The behavioral
effects of tiagabine in animals were similar to those of other GABA-enhancing agents. In rats and mice,
tiagabine produced sedation, hypothermia, impairment of motor function, tremor, and, at higher doses (100-
400 mg/kg, po), myocionus. in dogs, neurotoxicity was observed at oral doses as low as 0.5 mg/kg, with
convuisions at doses of 10 mg/kg or greater. Myocionus was a prominent effect of CI-966 in several species,
including humans, and has aiso been seen with GABAA agonists (Taylor et al, Drug Dev Res 21:195-215,'80).

Tiagabine produced a U-shaped doss response curve against PTZ- and DMCM-induced seizures, with loss
of efficacy at higher doses. A similar biphasic response has been reported with other GABA uptake inhibitors
(eg, NNC-711, SKF 100330A, and CI-968) as well as other GABAergic agents such as vigabatrin. The
mechanism for this effect is unknown, but a possible explanation is the phenomenon of double inhibition.
When GABA neurons are connected in series, the net effect of an increase in GABA activity in one brain area
can be disinhibition of target neurons in other areas, so the specific neuronal connections determine whether
GABA will bs pro- or anticonvuisant in any given brain region; eg, increasing GABA transmission in the
substantia nigra is anticonvuisant, while enhancing GABA transmission in parts of the thalamus has been
shown to potentiate seizures (Gale, Epilepsia 33(Suppl 5):S3-12,'92). Therefore, with increasing occupancy
of the GABA uptake carrier, the net effect of augmenting GABA activity at synapses throughout the brain could
shift from anticonvuisant to proconvuisant A paradoxical slectrographic response to tiagabine has been
reported in an experimental model of status epilepticus (Walton et ak, Epilepsy Res 19:237-44,'94). When
tiagabine was administered to cobalt-lesioned rats in which status epilepticus was induced by injection of
homocysteine thiolactone, it was potent in controlling generalized tonic-clonic seizures (ED50, 8.3 mg/kg, ip)
but produced an abnormal, hyporeactive behavioral state accompanied by an EEG pattern of high-amplitude,
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rhythmic, 3-5 Hz spike-wave activity. This EEG and behavioral syndrome could be reproduced in normal, non-
epileptic rats by administration of a high dose of tiagabine (100 mg/kg). The EEG change was seen within 2-3
min of tiagabine injection and remained unchanged for about 2 hr before gradually reverting to baseline over
another 2 hr. The EEG pattern and behavioral hyporeactivity produced appeared to be an ictal phenomenon
and was thought to resembie human non-convuisive status epilepticus. No dose-response relationship was
determined for production of these EEG changes in normal rats (only a single high dose was tested); however,
in a study conducted by the sponsor, spontaneous EEGs were unaffected in normal rats treated with oral
doses up to 30 mg/kg. Tiagabine also exacerbated absence-like spike-wave discharges in rat models of non-
convuisive epilepsy (WAG/Rl, GAERS). This effect has been seen with other GABAmimetics such as SKF
100330 and vigabatrin, leading to speculation that non-convuisive epilepsy may be associated with GABA
hyperfunction (Coenen et al, Epilepsy Res 21:89-84,'95); however, non-GABAergic drugs such as phenytoin
and carbamazepine aiso aggravate non-convuisive seizures in these modeis, while BDZs inhibit them, so the
picture is not entirely consistent. There is some evidence that the paradoxical effects of GABAergic drugs on
brain excitability might be more pronounced in the developing, aging, or pathologic brain (Monaco, Neurology
47 (Suppl 1): S9, '96). For example, studies in developing rats indicate that the role of GABA changes during
ontogeny, with GABAA receptors mediating primarily excitatory activity in the neonatal hippocampus
(Cherubini et al, Trends Neurosci 14:515-519,'91). The possible relationship of EEG changes (rhythmic,
bisynchronous, spike and wave discharges) and impaired mentation in several patients receiving tiagabine
to the effects observed experimentally is reportedly being investigated by the sponsor (Annual Report, '96).

Toxicology: The toxicology of tiagabine has been adequately studied in mice, rats, and dogs. GABA and its
receptors are ubiquitous in the brain and are aiso found in a wide range of peripheral tissues, including parts
of the peripheral nervous system, endocrine system, smooth muscile, and reproductive system. Many of the
effects of tiagabine in the toxicity studies appear to represent exaggerated physiological actions of GABA, as
would be predicted by the drug's mechanism of action. The following toxicities were prominently or
consistently observed:

CNS: Clinical signs in all species tested were primarily related to CNS effects, ie, depression (reduced motor
activity, ataxia) and/or stimulation (tremor, convuisions). in acute studies in mice, decreased activity and ataxia
were seen at oral doses of 20 mg/kg (Cmax, 3.6 ug/mi) or more, with tremor and myocionic convulsions at
100 mg/kg (Cmax, 7.5 ug/ml) or more. During the 3-month mouse study, CNS effects (decreased activity)
were primarily seen at doses of 400-1000 mg/kg (Cmax, 10-20 ug/mi). Following acute administration to rats,
hypoactivity and ataxia were seen at oral doses of 80 mg/kg or higher, while myoclonus was reported at 400
mg/kg (Cmax, 3.2-11.8 ug/mi) or greater. Hypoactivity was reported at 400 mg/kg in the 3-month rat study.
in repeated dosing studies in dogs, severe CNS effects (including insensibility, prostration, stupor, tremors,
convulsions, and visual impairment - see below) were observed at oral doses of 540 mg/kg (Cmax, 0.9-6.8
ug/mi; AUC, 2.3-33.8 ug-hr/mi). Thus, plasma exposures at the lowest neurotoxic dose in dogs were similar
to or lower than human exposures at the highest clinical doses (2.5 ug-hr/mi at 64 mg/day, 3.1 ug-hr/mi at 80
mg/day). The neurological toxicity of tiagabine is not unexpected: Cl 966 caused ataxia and other neurotoxic
effects including tremors and myocionus at low doses in dogs and monkeys and produced severe psychiatric
and neurological side effects in humans; catalepsy has been reported following administration of SKF 89876A
(nipecotic acid ester) and SKF 100330A (guvacine ester) to rodents; and when muscimol is given to humans
at relatively high doses, it causes an intoxication characterized by difficulties in concentration, palinopia
(endless repetitions of visions seen minutes before), ataxia, catalepsy, and haliucinations. As with other AEDs,
CNS-related side effects should be an important clinical concemn with tiagabine.

Visual system: Clinical signs noted in dogs receiving oral doses 25 mg/kg included an apparent visual
impairment, characterized by a lack of awareness of objects, failure to fix on and follow moving objects, or
absence of a blink reaction. No structural changes in the eye were associated with the visual disturbance, so

the effect was assumed to be central in origin. This seems likely, particularly in view of the known GABAergic
* regulation of visual centers in the CNS. For exampie, so-called fixation cells in the rostral superior colliculus
that inhibit the generation of saccadic eye movements and form part of a system of oculomotor control, ie, that
of visual fixation, have been shown to be under GABAergic control. Injection of muscimol into the rostral SC
of monkeys, which would increase normal GABA inhibition and decreases activity of these neurons, reduced
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the Iatency for saccades to visual targets so that the monkeys had difficulty maintaining visual fixation and
suppressing unwanted saccades (Munoz and Wurtz,J Neurophysiol 70:576-89,'93). The behavioral effects
in tiagabine-treated dogs were reversible and no neuropathology was found. In a possibly related finding,
depression of the pupillary light reflex was noted in rats treated with 400 mg/kg in the 3-month toxicology
study, with no corresponding structural changes in the eye or nervous system. Visual complaints have also
occurred with tiagabine in clinical trials, but frequencies were similar to those in placebo groups.

Radiolabel distribution studies in dogs showed localization and persistence of tiagabine in pigmented tissues
of the eye (retina and uvea), making ocular toxicity a potential concem. (Tiagabine may have certain structural
similarities to melanin-binding drugs such as chioroquine or, alternatively, tiagabine binding sites could act
as a sink, since GABA receptors are abundant in the retina. Retinopathy has been observed in rats and
patients following administration of vigabatrin, but the involvement of GABA is unciear.) No pronounced
morphological alterations in the eye were reported in animals recsiving tiagabine, however, aithough
incidences of various ocular findings appeared to be increased somewhat by treatment in long-term studies,

including keratitis (at 100 and 200 mg/kg in 2-year study) and focal retinopathy (30 and 100 mg/kg in 6-month
study) in rats and cataracts in dogs (2 and 10 mg/kg in 1-year study). These could have resulted from direct
effects on the eye or from a pathophysiological mechanism involving effects on sensory innervation, blinking,
or tear formation, as has been seen, for example, with narcotic anaigesics. Spontaneous inflammation of the
comea and conjunctiva with or without subsequent scarring and opacity is common in laboratory animals (rats
are particularly susceptible to the development of keratitis as a result of infection with the sialodacryoadenitis
virus) and may be exacerbated when ocular defense mechanisms are depressed following high dose drug
administration (Greaves). Focal retinopathy is also a common finding in rats, and its increased incidence in
the 6-month tiagabine study was thought to indicate the presence of an infectious process in a closely housed
group of animals; no T-R retinal changes were noted in the 2-year rat study at the same or higher doses.
(Toxicity testing in albino rats would clearly not assess effects due to melanin binding; however, vigabatrin-
induced retinopathy was seen in albino but not pigmented rats). The apparent D-R development of cataracts
(small anterior suture opacities) in dogs during the 1-year toxicity study was also thought to represent an
exacerbation of a spontaneously occurring condition, since similar opacities were seen in the study controls
(incidences were similar across groups at the end of the study) and had been reported in other recent studies
in the same facility.

Gl: Gaseous distension of the gi tract was reported in oral toxicity studies of tiagabine in both mice (250
mg/kg) and rats (=100 mg/kg), and gastric uiceration was also seen in rats. in pharmacology studies,
tiagabine antagonized histamine- (EC50: 1.5 ug/mi) and acetyicholine-induced contractions (EC50: 20 ug/mi)
and reduced spontaneous motility (3 and 30 ug/ml) in isolated guinea pig ileum and produced a significant

- D-R increase in gi transit time in mice (3 and 30 mg/kg, iv), indicating an inhibitory effect on gi motility that

could explain the findings in the toxicity studies. These effects were seen at higher than therapeutic doses and
plasrnaconcenh'ationsin rodents and were not seen in dogs, so the risk of serious gi side effects in humans
is probably small. However, some irritant effects might be anticipated on the basis of structural features of
tiagabine; (according to Chetmtry) compounds that are structurally related to the 3-methyl-2-thieny! portion
of the molecule can cause gi irritation.

Liver: Liver changes indicative of microsomal enzyme induction were observed in mice and rats administered
tiagabine doses of 10 -1000 mg/kg in the subchronic and chronic toxicology studies. These included increases
in liver weight, hepatocsiiular hypertrophy and vacuolization, and increases in smooth endoplasmic reticulum.
The occurrence of liver tumors was aiso increassd somewhat in tiagabine-treated rats during the 2-year
carcinogenicity study. There was a positive D-R trend for hepatoceliular adenoma in female rats, and the
incidence of adenomas was significantly increased in females at the HD of 200 mg/kg. The combined
incidence of hepatocetiular adenoma and carcinoma was significantly increased at the HD in both males and
females compared to their respective controls. However, since incidences of adenoma and carcinoma in HD
males were within historical control ranges and similar to those in a second control group and the incidence
of carcinoma in treated females was low and not D-R, it could be conciuded that the increase in adenomas
in females was the only meaningful treatment effect. The 10% incidence of this tumor in HD females was
outside the study facility's historical control range of 0.8-3.3%, although published data on spontaneous
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tumors in female CD rats give a range of 0-22% for adenomas. The sagniﬂeant HD effects occurred at levels
of exposure (mean AUCs of 88 ug-hr/ml in males-and 212 ug-hr/ml in females at 200 mg/kg) that were
considerably higher than the highest anticipated human exposure (2.5 - 3.1 ug-hr/mi). No increase in liver
tumors was seen in mice at doses up to 250 mg/kg in the 2-year study, although increased incidences of
hepatocellular hypertrophy and vacuolization were observed. Since tiagabine was negative for genotoxicity
in most tests (it was' clastogenic in human lymphocytes at a cytotoxic concentration of 200 ug/ml), a
nongenotoxic mechanism related to hepatic enzyme induction or induction of liver growth was assumed. Oral
administration of 200 mg/kg for 2 weeks was shown to produce a significant increase in hepatic microsomal
enzyme metabolizing activity in female but not male rats. Thus, higher AUC values were measured in female
rats following tiagabine administration, and females showed greater sensitivity to the induction of hepatic
enzymes and liver tumors by tiagabine. The liver effects seen with tiagabine are common in long-term rodent
toxicity studies with enzyme-inducing drugs and their relevance to human risk assessment is questionable.

Jestis: An increased prevalence of Leydig cell tumors was observed in treated male rats during the 2-year
carcinogenicity study: incidences of 2.9, 1.4, 2.9, 5.7, and 10% were found in the 0, 10, 30, 100, and 200
mg/kg dose groups, respectively, reaching statistical significance at the HD (study facility's historical control
range: 0-6%, published range: 0-20%). A possibie mechanism (proposed by sponsor) for the induction of
Leydig cell tumors in rats by tiagabine could involve effects on LH secretion, since GABA is known to play an
important role in the regulation of LHRH release from the hypothalamus (both stimulatory and inhibitory effects
reported), and increased LH leveis havk been associated with Leydig cell tumors in rats. in addition, tiagabine
was shown to potentiate dopaminergic function (enhanced methylphenidate-induced stereotypic gnawing in
mice), which could affect prolactin levels. Although no investigation of the endocrine effects of tiagabine was
undertaken by the sponsor, such an explanation is plausible. Rats are known to be particularly prone to the
development of Leydig cell tumors with age, and this tendency is enhanced by administration of agents that
modulate age-related changes in hypothalamic-pituitary function; eg, Leydig cell tumors have been reported
following chronic administration of the LHRH analog buserelin, the antiandrogen flutamide, or the H2 blocker
cimetidine, which also has antiandrogenic properties (Greaves). Because of the unusual sensitivity of rats to
such changes, these findings probably have little clinical relevance. The mean plasma tiagabine exposure in
male rats receiving 200 mg/kg in the carcinogenicity study was approximately 35-fold that expected at the
highest clinical dose. No T-R changes in Leydig ceil tumors were seen in the 2-year mouse study of tiagabine.

Treatment-related increases in the incidences of pulmonary congestion, inflammation,
edema, and alveolar mamphages were observed in toxicity studies of tiagabine in mice and rats. These
findings are common in gavage studies, but their sometimes markedly increased occurrence in tiagabine-
treated animals was unexplained. Such changes are often associated with general ill health or agonal states
and can have a variety of causes. it was suggested that pulmonary changes in tiagabine-treated rodents may
have been produced when gaseous distention of the gi tract interfered with diaphragmatic movement.
However, GABA and GABA agonists have been shown to inhibit a number of airway responses, including
neuronally induced cholinergic and tachykinin-mediated smooth muscle contraction,” anaphylactic
bronchospasm, and cough (Chapman et al, Trends Pharmacol Sci 14:26-9,'93); so it is possible that tiagabine
treatment, in addition to producing generalized sedation and respiratory depression, could have a specific
inhibitory effect on the airway (including effects on pharyngeal or laryngeal reflexes) that would increase
susceptibility to aspiration or infection. In a possibly reiated finding, incidences of alveolar bronchiolar
carcinoma were increased somewhat in treated mice during the 2-year carcinogenicity study, although
frequencies were not clearly dose-related and were within historical control ranges. No effect on lung tumor
incidence was observed in the rat carcinogenicity study. Although the amphiphilic structure of tiagabine might
predict it, mhhbbgiedwidmofplmphollpmsb(mldbesmpmdasacomn mechanism for lung
and eye effects) was reported. Puimonary changes generally occurred at leveis of exposure considerably
above those expected clinically, and it seems unilikely that any of these findings are of importance for humans.

Development: The effects seen at the high doses in the rat (increased malformations, decreased growth and
viability at 100 mg/kg) and rabbit (increase in resorptions, gallbladder agenesis, and skeletal variations at 25
mg/kg) reproductive toxicity studies indicate that tiagabine is a developmental toxicant in both species at
maternally toxic doses. GABA is thought to play an important role as a morphogenetic signal during
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development, so a drug that alters GABA leveis might be expected to adversely affect development. In the
segment Il study in rats, an increased maiformation frequency was found in litters exposed to the HD of 100
mg/kg (fetal incidence of 8/221 vs 0/191 in C; about 3 -10 times historical control frequencies in Sprague-
Dawley rats). There was no clear pattern of maiformations or dose-response (ie, HD effect), and all of the
defects observed occur spontaneously at low incidences in rats. However, the markedly increased combined
incidence of matformations in the HD group indicates that development was perturbed by this dose, which also
produced minimal matemal toxicity. Exposure to teratogens in a segment |l study can result in a spectrum of
malformations, since animals are treated throughout organogenesis, and often produces only an increased
frequency of the malformations that occur spontaneously in a particular species and strain (Manson and Kang,
Principles and Methods of Toxicology, Hayes, ed, "94). But it is difficult to conclusively attribute such an
increase to treatment without a clear dose-response reiationship. The dose range-finding study (not submitted)
reportedly showed that 200 mg/kg was too matemo- and embryotoxic, but the next iower dose was 100 mg/kg.
The dose-response for teratogenic effects may be very steep before embryolethality is seen; therefore,
another study with additional doses around the HD used in the definitive study (ie,100 mg/kg) might help
define a dose-response pattern for developmental toxicity. When effects are observed only at maternally toxic
dose levels, it is always hard to know if they are indicative of selective developmental toxicity or reflect
nonspecific alterations in maternal homeostasis; however, while there is general agreement that increased
embryolethality, decreased fetal BW, or increased incidences of variations may occur secondary to maternal
toxicity, the role of maternal toxicity in the production of malformations is much less clear (Manson and Kang;
Khera, Teratology 31:129-136,'85). The sponsor argued that the failure to find an increase in malformations
in the segment | study or the dose range-finding study meant that the segment |i findings were probably not
treatment-related. However, higher doses are often needed in segment | than in segment Il studies, since the
longer treatment period permits maternal detoxification mechanisms to be established prior to gestation, and
the dose range-finding study was apparently conducted with only 4 dams/group and limited fetal examinations.
The teratogenic HD in the rat studies was associated with maternal plasma Cmax and AUC values

i 30 times those expected clinically, but since species differences in sensitivity to teratogens may
be considerable, the developmental findings warrant caution.

LABELING
PRECAUTIONS
Binding to Melanin-Containing Tissues

When dogs received a single dose of radiolabeled tiagabine, levels of radioactivity in the retina and
uvea were considerably higher than those in non-pigmented ocular tissues, and radiolabel remained
in these tissues for at least 3 weeks (the latest time point measured). Although not directly measured,
melanin binding is suggested. This raises the possibility that tiagabine could accumulate in.melanin-

rich tissues such as the eye over time and that it could cause toxicity in these tissues after extended
use.

Carcinogenesis

In rats, a study of the potential carcinogenicity associated with tiagabine HCI showed that 200 mg/kg/day
(plasma exposure [AUC] 38 - 88 times that at the maximum human dosage [MRHD] of 64 mg/day) for
2 years resulted in - statistically significant increases in the incidences of hepatoceliular adenomas
in females and Leydig cell tumors of the testis In males. The no effect dose for induction tumors in this
study was 100 mg/kg (64 25 - 40 times the exposure at the MRHD). No statistically significant increases in
tumor formation were noted in mice at doses up to 250 mg/kg (36 times; the peak plasma leveis at the MRHD.

-The implications of the
rat tumor ﬂndlngs for human health are unknown.
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Mutagenesis

No mutagenic activity was found mmahvltroAmstest. in vitro Escherichia coli WP2 uvr A assay, and the
in vitro HGPRT forward mutation assav in Chinese hamster lung cells. either with or without metabolic
activation.
~(lagabine produced an

increase in structural chromosome aberration frequency in human lymphocytes in vitro in the
absence of metabolic activation. No chromosomal aberrations wers demonstrated

in the presence of a metabolic activating system. The mouse micronucieus test showed no
mutagenic activity. An in viva/in vitro unscheduled DNA synthesis assay in primary rat hepatocytes showed
no genetic damage in the liver.

Impairment of Fertility

Studies of male and female rats et administered dosages of tiagabine HCI up to 100 mg/kg/day (plasma
exposure [AUC] 32 times that at the maximum recommended human dosage
[MRHD] of 64 mg/day) prior to and during mating. aestation. and lactation have shown no impairment
of fertility. Lowered matemal weight gain

_ and decreased viabllity and growth in e rat pups were found at 100 mg/kg, but not at 20
mg/kg/day (5 times the exposure at the MRHD).

Pregnancy: Pregnancy Category 8 C

Tiagabine has shown

teratogenic effects when given to pregnant
rats. An increased incidence of fetal malformations (primarily craniofacial and visceral defects) was
observed following administration of 100 mg/kg/day (plasma exposure [AUC] 32 times that at the
maximum recommended human dosage [MRHD] of 64 mg/day) during the period of organogenesis.
This dosage aiso reduced maternal weight gain. No adverse maternal or embryofetal effects were seen
at a dosage of 20 mg/kg/day (8 times the exposure at the MRHD). In a perinatal/postnatal study using the
same dosages in rats, - decreased maternal
weiaht aain during gestation and decreased offspring viability and growth were found at 100 mg/kg/day.

Decreased maternal weight gain, increased resorption of embryos, and increasea
incidences of fetal variations were observed when pregnant rabbits were given 25 mg/kg/day (8 times
the exposure at the MRHD) during organogenesis.
th Thenamnoadequateandwel—eon&olledstudnesof
tiagabine in pregnant women.

Use in Nursing Mothers

Studies in rats have shown that tiagabine HC! and/or its metabolites are excreted in the milk of that species.
Following oral administration of radiolabeled tiagabine to lactating rats, concentrations of radiotabel
in milk approached those in the maternal plasma (84-98%). Levels of excretion of tiagabine and/or its
metabolites in human milk have not been determined and effects on the nursing infant are unknown.
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X. RECOMMENDATIONS

The NDA is approvabie with respect to the phumacdlogylwdooiogy portion. Recommendations concerning
the proposed labeling are made in the Evaluation section of the review.
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